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PREFACE 

) * 

This treatise is prepared exclusively for the use of beginners 
and for those who wish to teach beginners, or as a handy refer- 
ence-book for busy men whose excess of knowledge and 
experience causes them sometimes to forget their early lessons. 
Still, the author must appeal to the good-natured forbearance of 
the reader, on account of the many shortcomings and imperfec- 
tions of this little work. He has found great difficulty in 
compressing into the space his disi)Osal even the briefest 
reference to many subjects which have to ^ noticed in an 
elementary treatise on Practical Mining. He has also found 
it hard, in the midst of his practical engagements, to find time 
for any literary work. 

He would like, however, to assure the reader that he has not 
ventured into print without endeavouring, so far as it was possible 
to him by long years of labour and study, to prepare himself 
for the task. He has had thirty years' experience in practical 
mining, and has-been officially connected with mines as consulting 
mining engineer, colliery manager, and surveyor in Yorkshire, 
Derbyshire, Nottinghamshire, Leicestershire, Warwickshire, South 
Wales, North Wales, and Staffordshire. He has also from time 
to time inspected mines in Lancashire, Durham, Northumberland, 
Devon, Anglesea, and Scotland; and has visited many mines 
abroad in France, Germany, Austria, and in the United States 
of America. He is not only acquainted with coal-mines, but 
has experience of mmes of clay, stone, iron, lead, zinc, copper, 
tin, gold, silver, and slate. For the last twenty years he has 
been responsible manager of coal-mines, and for the last sixteen 
years instructor and professor at the Yorkshire College. He 
has had enlarge of rither difficult sinking operations, and has 
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made with his own hand the working drawings for most kinds of 
plant and machinery required at a colliery ) and has had to fix 
the price of all kinds of labour at collieries. He has also 
worked as a miner both at coal-getting and sinking. Therefore, 
whilst he is glad to quote other engineers, and to use their 
published drawings, he is able to check from his own experience 
the statements which he sees in print. 

As a member of numerous Institutes of Mining Engineers, 
of the Geological Society of London, the Institutions of Civil 
Engineers and Mechanical Ehgineers, and other scientific 
societies, he has access to all the most recent and best informa- 
tion on mining matters ; and he has derived great assistance from 
the records of the proceedings of these institutions, and from the 
books of many able writers. He has found it convenient, as a 
means of saving time and labour, to make use in many cases of 
the drawings contained in these proceedings *and books, though 
a great part of the six hundred illustrations are from his own 
original drawings and photographs. He wishes to thank the 
au&ors of papers and of books who have kindly permitted him 
to make reductions of their drawings, or who have specially given 
him information or opinions, viz. Messrs. T. Forster Brown, A. 
L. Steavenson, Wm. Galloway, Reuben Smallman, £. Reumaux, 
Professor Oscar Hoppe, Dr. C. Le Neve Forster, and many 
others, some of whom arc specially acknowledged in other pages. 

His object in calling attention, not only to his own long and 
varied labours, but to the gentlemen above named, whose 
individual experience is, as regards some of them, much greater 
than his own, and who are specialists of specialists on the 
subjects on which they have been consulted for this little book, 
is simply to let the comparatively inexperienced reader who 
znay look at these pages know that be has the benefit of the 
knowledge obtained by others with unstinted labour; and if 
the reader should think that on some subjects the information 
given is not as full and complete as he would like, let him reflect 
that any one of fifteen out of the twenty-four subjects to 
which a chapter is given in these pages would require for its 
complete and masterly treatment a book as large or nearly as 
laiige as this. 



CONTENTS 


CHAPTllt 

I. Geology 

II. Exploration 

# 

III. Boring : Hand, Steam, Rods, Ropes, Tubes, Free-fall, 

Diamond, etc. . 

IV. Winning ; or. Mode of Approaching the Mineral . 

V. Sinking and Sinking-machines, Tubbing, Walling, 

Quicksand, Pneumatic, Freezing, Kind-Chaudron, 

etc 

VI. ** Opening out ; ” or, First Operations in the Mineral 

VII. Methods of working Coal, Iron, Tin, Lead, Copper, 
, Gold, Salt, Slate ; Spontaneous Combustion . 

VIII, Ventilation ; Doors, Overcasts, Brattice, Pipes, 

Furnaces, Fans ; Theory 

IX. Chemistry of Mines : Gases, Waters .... 

X. Coal-dust : Dangers and Remedies .... 

XL Safety-lamps 

XIL Blasting : Water-cartridges, Flameless Explosives, 
Lime, Wedging, Electric Fuse, etc 

XIII. Power Drills and Heading Machinery 

XIV. Coal-cutting Machinery 

XV. Timbering: Wooden and Steel Bars and Props 

XVI. Underground Haulage : Jigs, Single Rope, Tail Rope, 
Endless Rope, Chain, Locomotives, Compressed 
Air, Electric, Ropeways on Surface 

XVII. Transmission of Power: Rods, Ropes, Air, Water, 

Electricity, Oil. 

CVIIL Winding-engines : . Vertical, Horizontal, Coupled ; 

Size, Power, Speed; Valves, Brakes, Automatic 
Stop^valvbs and Brakes, Balancing, etc. 


PAG! 

I 

29 

5 * 

80 


85 

143 

149 

184 

251 

260 

274 

289 

399 

306 

314 


339 

358 


383 



CONTENTS, 


Vfil 

CKAmS FMSI 

XIX. Pit-frames, Pulleys, Cages, Water-tamxs, CohductorSi 

Hydrauuc Stages, Double Stages, Ropes, etc, . 411 
XX. “Safety-hooks” AND “Safety-cages” . ... 439 

XXL Pumping-engines : Cornish, Compound, Horizontal, 

Fly-wheel, Hydraulic, Pneumatic, Electric . 43$ 
XXII. Treatment of Mineral on the Surface : Ore-dress- 
ing, Lead, Tin, and Gold* Colurry Screens, Coal- 
washing, Coke-oven 456 

XXIII. Miscellaneous Precautions for Safety ; Discipline ; 

ETC., Blowers of Gas, 6utbursts of Coal, Dams of 

Wood, Brick, etc. 475 

XXIV. Miners* Tools : Sharpening^ Tempering, etc. . 49* 

Appendix 495 

Index 51 1 



LIST OF TABLES. 

TABLE pace 

I. List of Geological Formations 8 

II. List of Minerals 

III. Minerals got in Stratified Beds 19 

IV. Minerals got in Veins 21 

V. Tonnages and Values of Minerals got in the United Kingdom 22 

VI. Cost of Borings 79 

VII. Poetsch’s Freezing 135 

VIII. Weight of Air 200 

IX, Fuel required for Furnace 206 

X. Efficiency of Fans 225 

XL CoefEcient of Friction 239 

XII. Light of Safety-lamps compared with that of Candles . . 288 

XIII. Weight of Safety-lamps without Oil and Wick • 288 

XIV. Strength of Wooden Bars ; Yorkshire College Tests . . 322 

XV. Strength of Steel Bars 323 

XVI. Strength of Wooden Props : Yorkshire College Tests . . 325 

XVIL Ratio of Length and Diameter of Props and Crushing Load . 326 

XVIII. Strength of Steel Props 327 

XIX. Volume of Compress^ Air required per H.P. . 366 

XX. Friction of Air in Bends 370 

XXI. Dimensions, Weights, etc., of a Winding- engine . . 391 

XXII. Strength of Steel Ropes 4*8 

XXllI. Accidents in Mines 476 




LIST OF FIGURES. 


# 

Geology. 

PIOUftB . PAG* 

1. Section of the earth i 

2. Curvature of the earth 2 

3. Flatness of the earth 3 

4. Crust of the earth 3 

5. Original rocks and stratified rocks 5 

6. Older stratified rocks and new stratified rocks 6 

7. Intrusive igneous rock 6 

8. Volcano 7 

9. Section of coal strata 8 

10. Ideal section of English strata 10 

11. ** Gateway ** in Colorado 1 1 

12. •'Dutchman** 12 

13. Ammonite 14 

14. Portion of sigillaria . .14 

15. Portion of stigmaria 14 

16. Stigmaria, from a photograph 14 

17. X^pidodendron 15 

18. Alethopteris iS 

19. Calamites 15 

20. Section of fossilized shell, goniatite 15 

21. Weathered surface of crinoidal limestone ... 15 

22. Trilobite 15 

23. Three coal-seanjs uniting to form one .... 16 

24. Sandstone merging into shale 16 

25. 36. Magnified sections of coal-plant, lepidodendron 16 

27. Section across Midland Coal-field ..... 17 

2& Vertical section of Derbyshire Coal-field between Chester- 
field and Nottingham 18 

29* Vein in fault 20 

3a Fault in coal measures 20 

3i« Section of gold- vein 20 

32. Silver-lead vein: photograph showing ore and spar — 

section of mineral vein 21 

33* Water* worn cavity and mineral 21 

34* ^ecti^n of volcanic shaft 22 



xii 


LIST OF FIGURES. 


FlGUftS PAGB 

3$. Section of salt-mine and strata 24 

36. Section showing deposit of hoematite ore ... 25 

37* Section showing coal>measure ironstone .... 25 

38. Section showing Oolite ironstone 26 

Exploration. 

39. Plan of estate) outcrops, quarriesi shafts, etc. (case 1 ) 29 

40. Section of above estate from shaft to shaft ... 30 

41. Plan showing “ wash-out ** 3 * 

42. Section across wash-out 31 

43. Plan of estate, showing outcrops, etc. (case 2) . . *32 

44. Section of above estate proved by digging, etc. 32 

45. Excavation to prove strata 33 

46. Section of hillside, showing rocky cliff . . • • 33 

47. Sectional elevation of hillside with fault and spring . 33 

48. Plan of coal-field, showing outcrops and dips (case 3) 35 

49. Section of above coal-field, showing anticlinal ridge . 36 

5a Plan showing faults, dips, bore-holes, etc. (case 4) . 36 

51. Section of above estate, showing faults . . • • 37 

52. Section of bore-hole 37 

53. Section of above estate, showing faults and dips drawn to 

a “ natural ” scale 3® 

54. Plan of estate, showing outcrops, etc., etc. (case 5) . *39 

55* Section of above estate from north to south, showing 

three faults 39 

56. Section from east to west, showing effect of fault . 39 

57. Plan showing outcrop on hillside (case 6) ... 40 

58. Section on line x Fig. 57, showing hills, valleys, etc. . 40 

59. Section on line A B, Fig. 57 4^ 

6a Plan showing estate partly covered by New Red Sandstone 

' (case 7) 40 

61. Section of above estate, showing anticlinal, etc. . 41 

62. Plan showing three veins (case 9) 42 

63. Plan lowing veins crossing (case xo) . -43 

64. Section on line A B, Fig. 62, shovring veins ... 43 

65. Section on line C D, Fig. 63, showing veins ... 43 

66. Plan showing iron-mine and borings (case ii) . 44 

67. Section on line A B, showing iron ore . « 44 

6R Excavations at outcrop to prove dip, etc. . - 45 

69. Clinometer * • 45 

7a Clinometer quadrant, graduated to show angles and per- * 

centage of dip '45 

71. Piomb-bob^ level, etc. ' 4 ^ 

72. Outcrop and inclination by digging, boring, etc. . ■ 46 

^2a* Method of findii^ true dip * 47 

73. Circle divided into parts ' 4 ^ 

74. Circle divided by chords S® 



LIST OF FIGURES. 


Xlll 


Boring* 

FIGURE 

75. Hand-boring tools .... 

75^r. Hand-boring frame and lever 

76. Core-grapnel 

77. Vertical section of boring-shed 

78. Sliding joint / . . . . 

79. 8a Kind’s disengaging^ apparatus for free-fall cutter 

81-84. Fabian’s ,, ,, 

85-88. M. Dni’s „ ,, 

89, 90. Hydraulic slide (Arrault) . 

91. Wooden rod and locking-(lip . 

92. Wooden rod and lantern-guide 
93-96. American rope boring 
97, 98. American rope boring : lining oil-holes 
99. Mather and Platt : engines and frame 

loa Mather and Platt : drilling-tool 

101. Mather and Platt : sand-pump 

102. Hollow rods (Swedish) .... 

103. Grapnel (Wolff’s) 

104. Other grapnels 

105. Application of hook-grappler . 

106. 107. Method of riveting tubes . 

108, 109. Widening borers cutting down and cutting up 

110. Diamond drill machine . 

111. Diamond boring : crown. 

112. Diamond boring : crown and tubes and core-extractor 

1 13. Diamond boring : special small' American numhine 

1 14. Diamond boring : head .... 

11$. Diamond boring : core-cutter. 

11^ Diamond boring : clamp .... 

117. Diamond boring : lifting-clamp 
II& Diamond boring ; bayonet clutch coupling 
1 19. Diamond boring : core-lifter • 


PAGB 

54 

56 

58 

59 
59 
59 

61 

62 

63 

63 

64 
66 

67 

68 
68 

69 

70 

71 

71 

72 

73 

74 

75 

75 

76 

77 
77 
77 
77 
77 
77 


Winning. 

120-124. Methods of winning coal 80-82 

125. Metalliferous veins 83 

I2$a, Proposed water-level for the Forest of Dean ... 83 

• Sinking. 

126. Sinking pit-bottom, and tools used . . . - $7 

127. Plan and section of pit for simultaneous blasting . 88 

128. Blast-hole, fuse, and candle 88 

129. Electric blasting : circuit series 90 

13a Electric blasting : in parallel . . . . • . 90 

13 1. Electric blasting : low-tension 91 



LIST OF FIGURES, 


xiv . 


FIGUIUB 

13a- 

Oak curb 


PAGB 

92 

» 33 - 

Section of shaft walling 


92 

134 - 

Operation of walling and suspended scaffold . 


93 

135 - 

Old-fashioned capstan and shear legs 


93 

136. 

Steam capstan 


94 

137 - 

Sinking pit-bank 


95 

138. 

Pit-bank buildings . . * 0 * 


95 

139* 

Sinking-engines and drum .... 


96 

140, 

141, Sinking-tubs 


96 

142. 

Water-barrel 


96 

143 - 

Snap-hook for water-barrel r . . . 


96 

144. 

Section of shaft showing water-garlands . 


97 

145. 

Galloway’s guides 

Galloway’s pit-top 


98 

146. 


98 

147 - 

Pumping-beam and saddle .... 


99 

148, 

149. Pumping-set 


100 

iSOi 

1 5 1. Pumping-set screws 


102 

152. 

Sliding wind-bore 


102 

153 * 

Swinging wind-bore 


102 

154. 

155. Cornish sinking-pump .... 


J 03 

156. 

Suspended pump and arrangement of pipes in shaft 

104 

157. 

Plan showing arrangement of pipes for suspended pump . 

104 

158. 

Worthington sinking-pump .... 


105 

159 - 

Section showing pulsometer pump fitted with grid valves 

105 

16a 

Pulsometer {Canklow pits) .... 


105 

r6i, 

162. Pump in shaft-side (Llanbradacb) . 


106 

163. 

Bore-hole draining pit 


107 

164. 

Rectangular shafts : section .... 


108 

165. 

Rectangular shafts : plan .... 


loS 

166. 

Shaft nearly round 


108 

167. 

Temporary shaft lining 


108 

168. 

Temporary shaft lining (Walker’s) : plan 


109 

169. 

Temporary shaft lining (Walker’s) :* elevation 


109 

170. 

B latticed shaft 


111 

171. 

Ventilation and brickii^ of shaft, etc. 


113 

172. 

Rock-drill and stand 


1 14 

173 - 

Rock-drill: details 


“5 

174. 

Circular bricks 


*17 

175 - 

Plan of vertical shaft at Clausthal . 


118 

176. 

Section of vertical shaft at Clausthal 


118 

177 - 

Section of shaft on hillside, showing tubbing • 


119 

178. 

Cast-iron tubbing . 


120 

179. 

Tubbing, wedges, and tools .... 


121 

180. 

Cast-iron tubbing-plate, design B . 


123 

181. 

Cast-iron tubbing, internal flanges, faced and bolted 

125 

i 9 *- 

Ca^-iron wall-boa 


126 


Biick-and-cement coffering .... 

, , 

127 


185. Brick-and-cement coffering 

• 

128 



LIST OF FIGURES. 


XV 


PiCUU 

iS6. 

Stone coffenng 


128 

187. 

Wooden tubbing 


129 

188. 

System of piling 


129 

189. 

System of piling, modified .... 


130 

190. 

Quicksand sinking with grabber 


13a 

191. 

Pneumatic sinking : sectipn of shaft 


13* 

192. 

Pneumatic sinking : section of bell and cutting edge 

132 

I93‘ 

Pneumatic sinking : air-lock .... 


*33 

194. 

Pneumatic sinking : stage and gantry 


*33 

*95- 

Poet8ch*8 system of sinking .... 


*34 

195/7. 

Freezing-tube 


*34 

196. 

Peet8ch*8 system of freezing bore-holet 


*35 

197- 

Deepening shaft (lieven) .... 


*37 

198. 

Deepening shaft (other way) .... 


138 

199 - 

Limestone over coal measures (Marsden) 


138 

20a 

Chalk over coal measures (Westphalia) . 


*39 

201. 

Small drill or cutting-tool .... 


140 

202. 

Sludger : Kind-Chaudron process . 


140 

203, 

Large drill or cutting-tool .... 


140 

204. 

Three sizes of bodng-hole .... 


*41 

205. 

Boring-tool (Lippmann) 


141 

206. 

Tubbing and moss-box (Kind-Chaudron) 


141 


Opening out. 



207. 

Arrangement of three shafts .... 

. 

*43 

208. 

Arching of porch 

. 

*44 

209. 

Shaft-pillar 

. . 

*47 

210. 

Heads driven by Stanley's heading-machine . 


148 


Methods of Working. 



211. 

Open hole 


*49 

212. 

Open hole at Mechemich .... 


150 

213 - 

Bell pits 


*50 

214. 

Pillar-and-stall 


*5* 

215- 

Stoops and rooms 


*5* 

216. 

View of stall 


*52 

217. 

Props and packs 


*52 

218. 

Section of pillars and stalls, showing creep . 


*53 

219, 

22a Diagrams of pillars, showing calculation of pressure 

*54 

221, 

222. Pillar working (Ryhope) .... 

. 

156 

223. 

Workingback. ...... 


156 

224. 

Stalls with narrow entrance . . / . 


*57 

225. 

Cleavage planes and joints .... 

. 

*57 

226. 

Pillar-and-st^l (Cheshire) .... 

. 

*58 

227. 

Pillar-and-stall (North Staffordshire) 

, , 

*59 

228. 

Longwall , 

. 

160 



JCVI 


I.IST OF FIGURES. 


FIGJUAB 

aa^. Section of working place 160 

aja Cross-section of gate road 16 1 

asi. Longitudinal section of gate road 161 

aja. Longwall (Harris’s Navigation) 163 

^33* Plaa showing packs in l6ngwall face .... 163 

334. Drainage of gas by headings 165 

335. Gate road^ resting on brattice w<^ and wax walls. 167 

South Staffordshire thick-coal workings : plan 168 

«7- >* *» section . . 169 

338. „ ^ „ ,, enlarged plan . 169 

339. Thick coal (Silesia) . . 170 

;t40. Grand comt^ (France) 171 

241. Section of thick coal and shafts (St. Etienne) . -171 

342. Longitudinal section of shafts (St Etienne) . .172 

243. Cross-section of thick-coal workings (St Etienne) . 172 

^44* Plan of workings (St Etienne) . .172 

245. Mammoth vein : section of breast (Pennsylvania) . 173 

246. Mammoth vein : elevation (Pennsylvania) -173 

247. Vertical seam, thin • ^74 

248. Section of gate road in thin seam 174 

249. Section through working places in four contiguous seams 

(Warwickshire Coal-field) 175 

250. Great vein (Bristol Coal-field) 175 

251. Yorkshire colliery : longwall face in steps 176 

252. Section across level gates, showing longwall working place 

in steep measures 176 

253,254. Maundrils used in Belgium . • <77 

255. Wide banks (South Wales) 177 

256. Section of copper-mine 178 

257. Section of gold-mine (North Wales) .178 

258. Method of mining tin (Cornish tin -mine) <79 

259. Section of gold-veins 180 

26a Plan of salt-mine 180 

261. Penrhyn Slate-quarry 180 

262. „ ,, section of quarry and slmfts . 181 

263. Ffestiniog Slate-mine : section of working place • .182 

264. ,, ,, plan and section, showing cleavage 

joints and blast-hole . . . . . . tSa 

265. Hydraulic gold-mining 183 

VENTILATION. 

266. Brattice wooden boards ........ 185 

267. Brattice cloth 185 

268. Bratticed brick quadrant 1S5 

269. Bratticed brick wall 186 

27a Bratticed brick wal 4 covered 186 

27 i< Air-pipes 186 




LIST or FIGURES, 

xvii 

riOURB 


PAGB ' 

272. 

Application of brattice and atr-idpes ... 

, 187 

a73* 

Brattice^ bad . • . . ' . 

. 188 

274- 

Brattice, good 

. 188 

275- 

Air*ptpe8, bad 

. I8S 

a75«* 

Air-pipes, good . 

. 188 

276. 

Air-pipes, bad , 

. 188 

276a, 

Air-pipes, good . ^ 

. 188 

277. 

Brattice for a number of stalls .... 

. 189 

278. 

Air-pipes for a number o£ stalls .... 

. 189 

* 79 - 

Regulator door , 

. 190 

280. 

Overcast in ground . . • 

. I9I 

281. 

Overcast, brick and timber 

. I9I 

282. 

Overcast, iron 

. 192 

283. 

Overcast pipes 

192 

284. 

Ventilation of colliery : model plan, longwail 

193 

285. 

Wind-blower 

193 

286. 

Waterfall . . . : 

194 

387. 

Earth-temperature 

. 194 

288. 

Air-currents in shallow pits, summer and winter 

• *95 

289. 

Fire-lamp in shaft 

196 

290. 

Furnace and dumb-driit 

. 196 

291. 

Single furnace in pit 

. 196 

292. 

Double furnace in pit 

• *97 

293. 

Range of four furnaces in pit 

. 198 

294» - 

295. Hypothetical downcasts 

. 201 

296. 

Pressure and temperature in furnace pit, dumb drift 

. 201 

296a. 

Water-gauge 

. 202 

297. 

Bonnet for fan-shaft 

. 208 

298. 

Cover for fan-shaft 

. 208 

299- 

Richards's indicator 

209 

300. 

Richards's indicator on cylinder and velocimeter 

209 

301. 

Richards’s indicator diagrams 

210 

302. 

Anemometer (Biram's) 

. 212 

302a. 

Anemometer testing marine (Atkinson and Daglish) 

. 212 

303- 

Anemometer (Dickinson’s) . ' . 

2*3 

304- 

Anemometer (Robinson’s) 

213 

305. 

Nixon’s ventilator 

214 

306, 306a. Struve ventilator 

214 

307. 

Cooke’s ventilating apparatus 

215 

3C58. 

Root's small ventilator 

. 216 

309. 

Root’s large ventilator 

. 217 

31a 

Screw ventilator 

. 217 

3”- 

Centrifugal machine 

. 218 

3x2. 

Guibal fan 

. 2x9 

3i3~‘3<5* Leeds fan , 

219-220 

316, 3 i 6 a Waddle ftn 

. 221 

317. 

317a. RjunmeO fan 

. 221 

3x8. 

Gwynne fan 

. 222 



Xviii LIST OF FIGURES. 

rtoiam fAOB 

3 < 9 > 3 ^ 9 ^ Bowlker and Watson's &n 2Z2 

$ 20 , Schiele fan . 222 

321. Capell fen 223 

322. Medium fan 223 

323. Circle and square 230 

324. Square road and four small roads 230 

325. Narrow road and square road . ^ 230 

326. Inclined plane for gravity demonstration . . . 233 

327. lo-foot road and 15 X 5 road 238 

328. Air-roads of uniform and of uneven section . . 245 

329. Splitting in four air-currents • 247 

33a Inclined air-roads 249 

331. Compressed air-jet in pipes ...... 250 

Chemistry of Mines. 

332. Mixing of air and fire-damp 254 

333. Mixing of air and black-damp 254 

334. Hydrogen-gas detector 255 


Coal-dust. 

335. West Riding Collieries ; plan .... 

336. West Riding Collieries : section of west chain road 

337. Whitehaven Colliery 

33k West Stanley Colliery : plan . . 

339. Elemore Colliery : plan of road 

340. „ „ section .... 

341. „ ,, transverse sections 

342. Water-cart 

343. Water-cart : revolving brush 

344. Water-cart : pump (Kirkhouse and Lewis) 

345. Pipes and spray (Ynishir) .... 

346. 347. Pipes, spray, and compressed air (Dowlais) 

348. Spray-jet enlarged (Harris) .... 


Safety-lamps. 

349. Gas and gauze 275 

35a Davy lamp 275 

351. Clanny lamp 276 

352. Stephenson lamp 277 

353. Stephenson lamp, enlargement 277 

354. Mueseler 278 

355. Marsant 279 

356. Tin-can Davy 279 

357. Shielded lamp (** Protector,'* Mueseler) : section . . ato 

358. Shielded lamp (Marsaut) : elevation .... 280 

359. Marsant with sprite-locked corrugated sMeld . . 280 


. 262 
- 263 
265 
. 266 
. 268 
. 268 
. 268 
. 270 

270 
. 270 

• 271 

271 

• 272 



LIST OF FIGURES. 


XfX 


riCVWt 9M3» 

36a Ram to open above lamp 2 $o 

361. Morgan lamp : elevation 281 

зба. •« ,, section 281 

362^1. Clifford lamp 

363. Wold detonating lamp 282 

364. Howat deflector 283 

365. Ashworth-Hepplewhitc-^ray 283 

365a. Ashworth-Hepplcwhite^ray, shielded .... 283 

збб. ParaiHn burner (West Riding) 283 

367. Thomeburry 284 

368. Percentages of gas (Galloway) 285 

369. Pieler lamp 285 

37a Swan portable electric lamp 286 

371. Lamp*room (Lupton) 286 

Blasting. . 

372. Horizontal shot at bottom of seam 289 

373. Horizontal shot at top of seam 289 

374. Shot in gate-road 290 

375. Compressed powder 290 

376. Wedge 291 

377. Breaking down coal by hand-wedges in a row 291 

378. Multiple wedge and feather (Elliot’s) .... 292 

379. Grafton Jones wedge 292 

380-386. Grafton Jones wedge : details 292 

387,388. Grafton Jones wedge : application .... 293 

38^ Drilling-machine 293 

39a Villepigue perforator 294 

391. Villepigue nut 294 

392. Villepigue nut and breaks 294 

393. Hand-drilling machine (Bidder and Jones) . 295 

394* Lime process of breaking down coal .... 295 

395. Water-cased cartridge 296 

Powu Drills. 

396. Rio Tinto power drill 299 

397* Darlington power drill ....... 300 

39& Drills on carriage 301 

399. Walker’s drill 30^ 

40a Beaumont’s Channel Tunnel machine .... 303 

401. Stanley’s coal-heading machine 3 ^ 

402. Stanleys two tunnels 3 QS 

COAL-COTTINC. 

403* Section of holing 5^6 

404. Firth's pick ma/^tne: plan 3 P 7 

405. Firth’s pick machine: side elevation .... 307 



4DC 


usT or 


tiatms ... ^ 



Firth*s pick mtdbine : end ^ ^ ^ ^ ^ 

^ * ¥ 


407. (HUott and Coplqr's ..... 

• k 


40k WintUnle/s * 



409* 'Rigg end Meikl^olin*s . . « » 


•310 

4ra Baird’s 


310 

41 1. Bower and Blackbom’s : elevation 


3ti 

41a. Bower and Blackburn’s : plan • • • * 


3« 

413. Harrison’s 


• 318 

414. Harrison’s: section 



TiMBKaiNG. 



415. Props and bars, round 


3*4 

416. Props and bars, half-round .... 


3*4 

41 7. Props and bars, steel 


3*5 

4tk Props and bars, notched ..... 


3*5 

419. Props and bars, spiked 


3*5 

420. Props in heading 


3*5 

421. Bars in heading 


3*6 

422. Sections of timbered heading . 


316 

423. Timbering working face 


3*6 

424. Prop and angle measure ..... 


3*7 

425. Props and large lid .... 


3*7 

426. Cast-iron prop. ...... 


3*7 

427. Ringer and chains and tools .... 


3*8 

428. Rope and props 


3*8 

429. Jobber 


3*8 

430f 43*« Timbering: oval iron rings and polings (Saxony) . 

3*9 

432. Timbering: horseshoe iron rings and smooth 

boards 


(France) 

• 

320 

UNDERGROtTND HAULAGE. 


• 

433. Methods of hurrying . 


3^ 

434. Sections of rails 


330 

435. Double-beaded rail ih chair .... 


330 

436. Double-beaded rail in fisb^joints 


330 

437. Joint-chair 


331 

43^ 439- Cast-iron points and crossings . 


33* 

440. Swing-point and crossing . . . 


33* 

441. Double set of points and crossings, wrought-iron 


33* 

442. Cast-iron plates .... . . 


33 * 

443- Waggons, or corves 


33* 

444. Tram-axle lubricator 


333 

445- J*g ** pbm and section 


337 

446- J^-drums 


337 

447- Jig'whccl 


337 

44& Single-rope haulage 

, . 

118 







449- 

450- 
45 *- 

45itf. 

45 *- 

453 - 

454 - 

455 - 
456. 
457 - 
457 «- 

458. 

459 . 

460. 

461. 

462. 

463* 

464. 

465. 

466. 

467. 

468. 

469. 


etifte • . * . « 

tiiiisig* ropes round « conw 
Genml view of €iidl«ss<liam 
Chain-drum t 

Forkiontub: „ 

Self-acting curve: „ ^ 

Steep incline ,, „ 

Endless rope: attachments to waggons, lashing-chain, 
Endless rope : clip . 

Endless rope 2 twisting hook . 

Endless rope : general view ; rope under tubs 
Endless rope : tongs 
Endless rope : wedge-clips 
Endless rope : Fowler's clip pulley 
Endless rope : Barraclough's clip 
Endless rope : grip pulley 
Endless rope : three-groove and two-groove wheels 
Endless rope : tightening wheel 
Plan of mine, showmg methods of haulage 
Locomotive, air (Lishman and Young) . 
Iiocomotive, air (Lishman and V'oung) : end view 
Electnc haulage 

Slope-carnage and balance-weight 


, etc. 


47a Wmch 

471. Horse-gin . . . . 

472. Haulmg-engine on timbers 

473. Rope rollers .... 

474. Engine and dynamo 

475. Motor and drum 

476. Electric cable : casing m shaft 

477. Pit-bottom siding arrangements 

478. Rope-way 2 general view 

479. Rope-way : posts . 

48a Rope-way : rollers and buckets 


339 

339 

340 

341 

341 

34» 

342 

343 

344 

345 
345 

345 

346 
346 

346 

347 
347 

347 

348 

349 

350 

350 

351 

352 

353 

353 

354 

354 

355 

355 

356 

356 
35^ 

357 
357 


Transmission of Power. 


481. Compressed air : general application .... 360 

482. Transmission : air-cylinder 560 

4820; Air-compressing engines (Bettisfield) .... 561 

483. Transmission : water in cylinders 36a 

483c. Compression of air, work done in 364 

483^. Friction of air in pipes 369 

484. Immisch dynamo . 37* 

485. Electric conductors and coverings 37R 

486. Davis and Stokes’s safety commutator .... 373 

487* Laufen-Frankiort axperimental plant . . « » 37$ 



UST or FIGURES. 


Rxii 

nauKs FAd« 

488. Three phase altemate-curreiit motor .... 375 

489. Transmission by rods 379 

49a Transmisdon wire ropCy from surface to tunnel: 

elevaticm 3^ 

491. Ditto: plan 380 

WlNOlNO-ElJGINES. 

492. Windlass : side view 382 

492<i. „ end view 383 

493. „ iron saddle 383 

494. Single water-wheel, gearing and drum ; end view . . 384 

494 ^- „ „ side view. . 384 

495. Double water-wheel 385 

496. Water-balance 385 

497 - Single vertical engine : elevation 386 

498. „ „ end view 386 

499. Monkwearmouth : single vertical engine . . 386 

50a Parallel motion for piston-rod 387 

501. Horizontal coupled engines: cranks at right angles . 388 

502, 503. Coupled engines: inverted (Harris). . . 389 

504, 505. Coupled engines : horizontal (Denaby) . 390 

506. Balanced slide-valve 393 

507. Equilibrium steam-valve 393 

508. Eccentrics, link, lever, and wedge-shape slides to lift 

valve-spindle, etc. 394 

509. Engine-driver, and small valve engine .... 396 

51a Sliding cam-valve gear 397 

511. Balance-chain ... 398 

512. Balance-rope and pulley-guide 398 

513. Spiral or scroll drum . 399 

514. Flat-rope drum (aloe fibre) .... 400 

515. Automatic steam-brake (Reumaux) 401 

516-521. Indicator diagrams . 403 

522. Velodmeter 404 

523. Explanatory diagram (Denaby) 406 

524. Explanatory diagram (Monkwearmouth) .... 407 

525. Explanatory diagram (Douglas Bank) .... 409 

Pulleys, Pit-feames. 

526. Cast-iron pulley-rim 412 

527. Sted puliey-rim (Harris's Navigation) .... 413 

52k Pit-frirae, plate girder (Hasard) 414 

5 ^ Pit-lrame, lattice girder (Mansfeld) .... 415 
fja PU-frame, lattice girder (Harris’s Navigadoo) . *415 

S 3 h W<^ pit-frames 416 

S 3 ^ Rope-dan^ lor flat rope 417 

S 33 > Roupd^rope socket and ciqppliig 4t7 



LIST OF FIGURES. 


xxiii 


iriGURB page 

534. Wire rope 419 

535. Rope : Latch and Bachelor’s locked coil .... 4^0 

536. Cage and conductors 420 

536G. Double-decked cage 421 

536^. Cages : wooden guides 422 

537. Cage, waggons, and rail-guides (Harris’s Navigation) . 422 

538. Wire guides and weights ....... 424 

539. Platform and balance-w^hts at pit-bottom . 424 

540. Hydraulic landings (G. Fowler) • . . 425 

54X. Double landings (fixed) 426 

542. Cage-catches . . . ^ 427 

543. Water-winding tank 428 

Safety-hooks. 

544. S44a, Ormerod’s 429 

545. King’s 430 

546. West’s 431 

547. Walker’s 431 

Safety-cages. 

548. Owen’s 432 

549. Hasard’s 433 

55a Calow’s 433 

Pumping-engines. 

551. Cornish engine and pumps in shaft 436 

552. Cornish engine : section of cylinder, valves, and air-pumps 437 

553. Cornish engine : section of pump and valves . . 438 

554. Cataract 439 

555. Bull engine 439 

556. Barclay engine 440 

557. Horizontal engine with fly-wheel 441 

558. Balance-beams on shaft-side 443 

559. Mushroom valve 443 

56a Double-beat valve, with guttapercha seats . 443 

561. Steel bucket with brass rings 444 

562. Staveley ram pumps 445 

563. Staveley mm : small valves ...... 446 

564. Compound steam-pump, underground, vrith fly-wheel . 447 

565* Steam-pump coupled, undeiground (Worthington) . 448 

566. Steam and hydraulic pumps in pit 44^ 

567. Electric pump (Trafalgar) 449 

568. Claosthal h3rdmulic pumps 450 

5^ Clausthal shaft and hydraulic column .... 450 

570. Rope-driven pump 451 

571. Bucket door-piece t design and dimensions . . 453 

Aii^vetsel 454 

5 71 A Man<^ngine 454 



xxiv 


LIST OF FIGURES. 


Ore dressing and screening. 


F1G9KB 

S72. 

Coal-screens and steam hoist : plan and sections 

PACB 

456 

573> 574* Coal-screens : plan and section, 

showing tippler, 



sorting stage, etc. 

. 

457 

S7S- 

Coal-screens : travelling belt . 

. 

458 

576. 

Coke-ovens 

. 

459 

577- 

Coal -washing jigger : side vievi^ 

. 

460 

578. 

„ „ end view 

. 

461 

579. 

„ „ feldspar ; end view 

461 

58a 

„ „ . „ side view 

462 

581. 

Robinson’s coal-washer . ^ . 


463 

582. 

Centrifugal ore-separator . 


464 

583. 

Blake’s stone-breaker 


466 

584. 

Crushing-rolls and sizing-screens 


466 

585. 

Water-compartment classifier . 


467 

586. 

Buddie 


468 

587. 

Stamp : side view .... 


468 

588. 

Stamp : front view .... 


469 

589. 

Ordinary Cornish stamp . 


469 

590, 

591. Concentrating-tables 


470 

592. 

Lump of slate 


473 

593- 

Splitting slates 


473 


Safety of Mines. 



594. 

Boring for old hollows 

. 

478 

595- 

Fleuss patent noxious-gas apparatus 

. 

484 

596. 

Brick dam 

. 

488 



MINING. 


CHAPJER I. 

GEOLOGY. 

The term ** mining ” is often employed to describe all engineering 
works below the surface of the earth, but in this treatise the 
term will only include those underground operations which are 
made in the search for, or the extraction of, minerals. For the 
due understanding of mining it is necessary to know something 
about the structure of the earth. 

Shape of the Earth. — The earth is like a cricket-ball in 
shape, except that it is somewhat flattened at two opposite parts, 
called poles. Midway between the poles is the equator. The 

diameter at the equator is 

264 miles greater than the 

diameter at the poles ; the x. 

average diameter is 7912^ / \ 

miles. / \ 

The diameter at the / \ 

poles is thus only shorter / \ 

than that at the equator | | 

maximum I I 

diameter. If a section of \ / 

the earth is represented by \ J 

a circle 3 inches in dia- \ / 

meter (sec Fig. i*), the \ / 

difference between the two N. ^ 

diameters could hardly be 

shown without a magnify- ^ . 

ing^lass. Therefore, when r»...-s«i«irfu»««h. 

using an ordinary pencil or drawing-pen to represent a section of 
die earth on such a snuJl scale, it is best to treat the earth as 
if it were truly spherical, and a section of it as if it were a true 
circle (see i), and so, also, it may be regarded for all die 
purpose of practical geology. 

* This fignn is less than 3 inches in dhoneter. 
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The surface of the earth is roughi the greater part being 
raised into hills (sometimes mountains), or depressed or eroded 
into valleys. The deeper valleys are generally filled with water, 
forming l^es, seas, and oceans. The highest mountain-tops 
in die world do not exceed 6 miles in height above the sea- 
level, and the depth of the deepest valley in the ocean probably 
does not exceed 6 miles ; so that the height from the topmost 
ridge to the deepest furrow in the earth’s surface is about 12 
miles, or about part of the diameter of the earth. If a 
section of the earth is drawn 3 inches in diameter, as in Fig. i, 
a fine pencil line will be more t^an of the diameter ; and in 
the thickness of such a line will be included the highest mountain 
summits, and the deepest valleys of the Pacific Ocean. To represent 
the rough surface of the earth on such a small scale, it is necessary 
to draw a fine line, as in Fig. i. The bottom of the deepest mines 
and bore-holes on the earth are not more than 1 mile below the 
sea-level (/>. surface of the ocean), and on a section of the earth 
3 inches in diameter the thickness of the finest line that a fine 
pencil can draw represents a greater thickness of the earth’s solid 
crust than has been seen or touched by human eye or instrument, 
including in this thickness the depth from the highest mountain- 
top, not only to the bottom of the deepest mine, but 5 miles 
deeper still to some yet unfathomed valley of the oceaa 

Astronomers and mariners have taught us that the earth is 
round ; but to others the earth seems flat, except for hills and 
valleys. If, instead of drawing a section of the earth upon a 
small scale, we were to draw it out to a natural scale or real size, 
we could not, of course, find room on the earth for a drawing- 
board of sufficient size to take it all in, and we should have to 
content ourselves with delineating a v&j small part of the earth. 
To draw a section of the earth real size by purely mechanical 
means, it would be necessary to use a compass with a limb equal 
in length to half the diameter of the earth, that is, nearly 
4000 ^es, but by trigonometrical calculations the use of the 
compasses is unnecessary, and a section of part of the earth could 
^ a drawn to the right 

>1 curve approximately by 

means of a scale and 
straight-edge. Ifalineis 
drawn perfectly straight 
for I mile — say from the 
point A to the point B 
(Fig. 2 ) — ^and another line is drawn from the same j^int to 
represent the curvature of the earth’s surface, this second line 
wul be 8 inches from the line A B at the point B. But if. 
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instead of a line i mile long, we take one only xo feet long, and 
draw two lines, one perfectly straight and as thin as the finest 
steel point could scratch, from the point C to the point D (Fig. 3), 
and the other line to repre- 
sent the curve of the earth or mo fbMt 

from the same point C in o , . d 

the direction D, then, if a 

magnifying-glass were used, the two lines would appear to be 
identical ; and it will be seen that, so far as the curvature of the 
earth is concerned, the surface of the earth is absolutely flat 
for all the purposes and considerations of the miner. It is well 
that this should be borne in mind, because it is a not un- 


common error with people, who have looked at a section of 
the globe drawn to a small scale, to imagine that, by the curva- 
ture of the earth the rocks are formed into a natural arch which 


may cause them to bridge over large excavations. A little 
trigonometrical calculation, however, suffices to correct any such 
mistake. 


Composition of the Earth. — Looking at Fig. i, the re- 
searches of the geologist reveal little or nothing as to that part 
of the earth which is within the thin line of the circumference. 


It is to the astronomer, or physicist instructed by him (paradoxical 
as it might appear to the unlearned), that we must appeal for 
information ; and from him we learn that the weight of the globe 


is between five and six 
times that of an equal- 
sized body of water, or 
that the specific gravity 
is say 5^, water being i. 
We also learn that the 
earth is solid for a very 
great depth, probably for 
hundreds of miles ; be- 
cause, if the earth were 
fluid to within a short 
distance of the surface, it 
would be subject to tides 
as the sea is subject to 
them, and the movement 
of these subterranean tides 
would raise and lower the 



Fig 4.— Crust of the euth. 


surface twice every day; but no such movement has been 
observed. In Fig. 4 the earth is shown in section. <1, and c 
represent respectively depths of about 140, 280, and 790 miles; 
it would seem probable that, if the interior of the earth were 
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fiuidl, unless the solid crust reached nearly down to the depth 
it would daily yield to the inflaence of internal tides. 

The averse weight of the earth is say 5^ times that of water ; 
but the rocks, as found on the sur&ce and in the deepest mines, 
average about 2^ times the weight of water ; so that the rocks 
whidi have not been seen must exceed the average weight 

The heaviest iron ore is 5*3 ; pure iron, 8*14; cast iron, 7*2 ; 
copper, 8-6; lead, ii'36; silver, 10*47* platinum, 21*53; 

aluminium, 2*56. It follows, therefore, that the rocks of the 
interior of the earth are denser than those at the surface, or else 
there must be a large proportion*of the heavier metals to make 
up the required weight But a little calculation will show that 
the substances inside the earth are subjected to intense pressure, 
which would tend to increase their density. The weight of the 
rocks on the surface is equal to at least a pressure of i lb. per 
square inch for every foot in depth; thus at 1000 feet depth 
the pressure is 1000 lbs. per square inch or more, at i mile 
depth, 5000 lbs. per square inch, and at 100 miles depth, 
500,000 lbs. per square inch or more; but the hardest steel, 
if tested in small cubes, is crushed by this pressure ; therefore it 
would seem probable that the materials of the earth at this depth 
must be more compact than they are at the surface, though by 
chemical anal3rsis they might appear the same substance. But 
the amount of increase in density is an open question. 

Heat of the Earth. — Numerous observations have proved 
that the temperature of the earth is greater inside than the 
average surface temperature. At a depth of 50 feet in England 
the temperature of the earth is 50® Fahr„ and 60 feet deeper it 
is 51®, and so on. For every increase of 60 feet the temperature 
increases 1®, so that at a depth of 1250 feet the temperature is 
70®, and it is 80® at 1850 feet depth. In some districts the rate of 
increase of temperature is much greater, and in others much less. 

Hot springs of water, tunning for thousands of years, prove 
that in some localities there is great heat below, which is un- 
diminished by the continual flow of water through these natural 
boilers. 

Volcanoes prove that in some localities the internal heat is 
so intense as to melt the most refractory materials that we know. 
Geological investigation proves that v^canoes have existed in 
most parts of the earth. 

Oeology a Modern Science. — The science of geology in 
some respects is ve^ ancient, and we inherit the benefit of the 
researches of practical miners and scientific men who were 
acquainted with the structure of the rocks before the days of 
Job^ but; in its modem acceptation, it is for us comparatively 
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net¥. It may be that, even in this regard, we have onty redis- 
covered much that was known to learned men of the East in 


remote antiquity, the records of whose vast learning have been 
destroyed in desolating wars. But however that may be, it is 
within the last hundred years that most of the geological maps 
of the earth now existing have been made, and our knowledge 
of the earth’s geological histpry (ponderous as are the volumes 
that contain it) requires many more generations of workers for 
its completion. 

Geological History. — It may, however, facilitate some geo- 
logical conception if we imagirte that, at the beginning of geo- 
logical history, as since recorded in the stratified rocks, the surface 
of the earth was formed of hills and valleys, of dry land and sea, 
and that the surface rocks of that time were aggregations of 
mineral matter of the kinds which are frequently called igneous 
(or fire-rnade) rocks, perhaps similar to basalt, greenstone, granite 
(some kinds), trachyte, obsidian, porphyry, amygdaloids, volcanic 
ash, pumice, together with, it may be, such crystalline foliated 
rocks as are known by the names of schist, gneiss, etc. ; and 
in some forms there must have been lime, iron, alumina, carbon, 
phosphorus, nitrogen, oxygen, and all the metals, minerals, and 
gases required for the formation of the rocks which are now 
visible. Then a process of destruction would attack the solid 
surface. Rain, wind, sun, frost, glaciers, streams, rivers, waves 
of the sea, chemical action, animal and vegetable action, would 
wear down the hills, and the fragments would be carried by the 
streams into lakes and seas, and be there deposited in beds which 


would gradually 
reach a thick- 
ness of thou- 
sands of feet, 
and consolidate 
into sandstone 
or shale (see 
Fig- 5)» 
which might be 
mixed lime de- 



Fig. 5.— Original rodci and stratified rockt. original snHacc of 
the earth ; Sttrfiu:e of sea water : c, stratified rocks foraMMi fay 
fiitkm a. 


posited from the sea ; separate beds and masses of limestone 
might also be deposited in the sea, also rocks of other materials, 
such as silicates, might form as a crystalline deposit in the sea 
owing to some chaitge of temperature or chemical constitu- 
tion. When first the seas were condensed upon the surface of 
the earth, they may have been boiling hot, tmd have contamed 
minerals in solution subsequently deposited in rock formations. 
It is also conceivable that the first seas were of firedr water. 
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becoming gradually impregnated with salt brought down by 
rivers. 

Some parts of the earth are continually rising and other parts 
lowering, and many parts of the earth have been raised and lowered 
a great many times, first above and then below the sea-level. 

The earliest sedimentary rocks were in course of ages lifted 
up above the sea-level, and the dryjand lowered beneath it ; then 

the new rocks would be 
^ -u attacked by the weather 

0/////77>^ ^ b carried down to the sea 

by the rivers and formed 
again into newer sedi- 
mentary rocks (see Fig. 6). 

. These processes were re- 

Fig, 6.— Older stratified rocks and new stratified , ' , 

rocks, a, old stratified rocks; surface of peatcd again and again 

aea; c, stratified rocks formed from of rt. through long agCS of ffCOlo- 

gical time, until the original surface of the earth entirely disap- 
peared, and in its place was a covering consisting for the most 
part of sedimentary rocks, that is, rocks deposited as sediment 
at the bottom of lakes and seas. But mixed with these were 
great masses of igneous rock forced up through the newer rocks, 

and often flowing over and covering 

--CL them (see Fig. 7). Many of the older 

sedimentary rocks have been so al- 
tered by pressure and heat that they 
have the appearance of igneous rocks, 
si^d are called metamorphic rocks; 
amongst these rocks are, perhaps, 
gneiss, serpentine, and quartzite. 
„ t ^ • . These processes of rock formation 

Fic. 7.~Intrusive Igneous rock- , 

rarface of ground ; intrusive have continued up to the present 

5till in active operation, 
though it is by some supposed that 
the destructive, and, as a natural consequence and concurrence, 
the constructive, agencies are less active now than in some 
earlier periods. 

A very remarkable and active agency in the formation of 
rocks is that of volcanoes (see Fig. 8). A volcano is a place 
where there is some fissure or opening leading from the surface 
to subterranean regions at a great depth, in a locality where rocks 
are, if not always, at least sometimes, in a molten condition ; and 
during periods of eruption these are forced up the fissure in a 
huge stream of lava. Repeated eruptions often occur, covering 
large tracts of country. 

Another form of eruption is that of the projection of very 


Fic. 7. — Intrusive igneous rock- a, 
soifaoe of ground ; intrusive 
izneons rock ; newer strata ; 
older Btraca. 
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finely divided rock-forming m'^terial by a great blast of steam 
reaching to a height of miles, sometimes of 30 miles, forming a 
great cloud, which 
is carried a long 
way by the wind ; 
the dust, falling to 
the ground, becomes 
consolidated into 
rock (called tuflf). 

There are evi- 
dences of volcanic 
agency from the 
earliest known geo- 
logical periods down 
to the present time. 

In the earliest 
known sedimentary 
rocks no traces of 
life have been found. 

It may be that there 
were then no living 

things either nlants 1 10 S — View of a vcicano, showing stream of !a\a and 

® ^ eruption of ashes. 

or animals, upon 

this globe, or that all traces have been obliterated by heat anti 
pressure; but it is only reasonable to imagine that there was 
a time when life as we know it, that is, the life of plants and 
animals, first appeared upon the earth. The rocks in which 
no trace of life has been found are called airchaean ; they un- 
derlie all the other rocks and form their base and foundation. 
Animal and vegetable remains are found in all the later forma- 
tions. In some cases the remains are merely casts; in others, 
a portion of the original plant or animal still remains. Thus 
vegetable remains are often accompanied by portions of the 
woody fibre, which is carbonized, or turned into coal; and 
animal remains, such as shelLs, are found, also bones and bony 
skin, though fossilized, that is, changed, except in the most recent 
deposits, by chemicsil reactions into stone. In many cases 
limestone rocks are almost entirely formed of animal remains or 
constructions (as in the case of coral islands), and masses of 
shells or other organisms. The casings of some plants and 
animals have served to form flint and flinty limestone, and 
animal remains have helped to form phosphatic limestone. At 
some periods large areas and great thicknesses of vegetable 
growths, such as trees and mosses, have been buried teneath 
deposits of mud, and this wood has been turned into coal by 
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dtt 0(Md4ddt «r ^ ^ f Oimn 

in Mctkm ioam eonMicitt ilpraigom oT 
strtta in Ibt coil iiiiiiiiti» ^ ^ 

Hie otter n^ntble ninenls «ie looie. 
times found dfosenriiinted or «|gi<q|^ in 
tt4 strstifod rocks, or as a^mate beds 
intdrstratified 4tdi the others ; or else they 
are found as deposits in some or 
cavity made long after the rodu themselves 
were formeth 

One of the diief focu to be learnt by the 
student is that ail the rocks on the explored 
surface or crust of the earth wm not made 
at once, but have been made in regular se- 
quence; and that those which were first made 
must underlie those which were made later ; and that this nile is 
invariable, although, in cases where there have been great disturb- 
ances, some portions of the strata have been turned upside down. 

The following is a list of the rocla found in Great Britain, 
arranged in order of date and superposition, the most recent and 
the upjjermost being at the top of the column, and the earliest 
and deepest being at the bottom of the column : — 



Fig. 9.— Section of coal 
strata, m, bind ; 
shale ; c. rock * D» 
coal ; A O'* 
day. 
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Table I. — British 


Recent. 

Post-Pliocene. 

Pliocene. 

Miocene. 

Eocene 


/ Cretaceous 


t3 

Q 


Oolite 


Lias 


/ Upper 
I Middle 
^ Lower 


\^TriM 


Formations. 


Lower, Middle, and Upper. 
Chalk. 

Upper Greensand. 

< Gault. 

Neocomian. 

, VVodden. 

Purbeck beds. 

Portland Oolite. 

Kimmeridge Clay. 

{ Coral Rag. 

Oxford Clay. 

Combrash. 

Forest Marble. 

1 Bath or Great Oolite, and 
Stonesfield Slate. 

^ Inferior Oolite. 

Upper Lias. 

< Miadle Lias. 

Lower Lias. 

Rhaetic l)eds. 

Kenner (New Red Marl). 
Ounter (New* Red Sandstone). 
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i yn l A iii 


i,4UriioimfnHii 


Silurian 


Cambrian. 

\ Torridonian 
Archoi^n. 


^ Upper 


I Lower 


Devonian and Old Red l§aodst<me 


/ Mainmriaa IJiiMaU^ 
Ham and Sandmmca. 
Coal Measures. 
MiUstooeGrit 

Up^ Umestmie Shale. 

, Carboniferotts Limestone. 
^ Lower Limestone Shale.. 

Lower. 

Ludlow Group. 

Wenlock Group. 

Uf^scr Dandovery beds. 
Lower Llandovery beds. 
Bala and Caradoc beds. 
Llandeilo beds. 

, Tremadoc Slates. 

( Lingula Flags. 

Sandstones. 


In order to give some notion of the order and superposition 
of the stratified formations, an imaginary section (Fig. lo) has 
been sketched. All the strata were level or nearly level when 
deposited; the older rocks have been raised, denuded, and lowered 
several times, newer formations deposited on the denuded edges 
of older rocks, and finally there has been in recent ages a general 
upheaval on the western side of this imaginary section, raising the 
granite into a mountain and giving all the strata an easterly dip. 
The real dip would not be so steep as shown in the sketch, but it 
is generally convenient to exaggerate the depth and inclination 
in a geological section to save space. 

The time required for the creation of these rocks is too long 
for human conception. 

To get some idea of geological time, it is only necessary to 
know that no traces of human life have been discovered on the 
earth in rocks older than the Post-Tertiary (Post-Pliocene) forma- 
tions. These deposits have a thickness, where found in this 
country, averaging say 50 feet, though they occasionally occur 
in great masses, and at Boston in Lincolnshire are said to be 
600 feet thick, and in some parts of Italy they attain a thickness 
of 1 500 feet These great thicknesses, however, are not equiva- 
lent to equal thicknesses of strata deposited as sediment at the 
bottom of a lake, because they occupy a comparatively small area, 
being moraines or dUris scraped into a heap by glaciers. For 
comparison with other strata, it would probably be fair to consider 
the Post-Pliocene as being 50 feet in thickness, whereas the 
strata below have probably a thickness of 165,000 feet. But 
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the length of time that has elapsed since human beings first came 
upon this earth is quite unknown, and those geologists who have 
most studied the subject hesitate to state their views in the figures 
of arithmetic, because of the absence of sufficient data for accurate 
statement ; but for the purposes of elementary inquiry some 
geologists might say that the earliest human remains date from 
a period 100,000 or 250,0(^0 years ago, though others consider 
this estimate too high. And if a proportionate amount of time 
(as for the Post-Pliocene) were required for all the other strata 



Fig II — “The Gateway ** in Colorado. 


in the world, their formation would indicate a lapse of time of 
between 300 and 750 million years. 

Another way of getting some idea of geological time is to 
watch the slow process by which the weather acts upon the hills 
at the present time, and try to calculate the period required to 
wear dowm a kill 500 feet high, and deposit it as sand and mud 
in the sea 100 miles distant The hills and valleys of the present 
surface of the earth have been to a large extent sculptured by the 
gradual action of the weather. 

This sculpturing action of the elements is shown in Fig. 11, 
which is a photograph taken bv the author in Colorado, showing 
an opening, locally called “ The Gateway, ** in a mass of rocks, 
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giadually produced by the action of the weather. The diiStant 
mountain is Pike’s Peak. 

Fig. 12 is reduced from another photograph taken by the 
author in the same locality. The huge lump of stone rising 

above the bushes is locally 
called “ The Dutchman,” 
and shows how the softer 
^nd thinner beds are being 
gradually worn away by the 
weather. 

But the present hills are 
not the original hills of the 
earth. They are in many 
cases cut out of rocks made 
from the dtbris of older hills, 
and these, again, from still 
older hills, the processes 
having been repeated several 
times. Yet all our modern 
hills were ancient hills before 
the human race was seen 
upon their slopes. 

Or, again, looking at the 
list of formations, notice 
how small a place is occu- 
pied by the coal measures. 
But the coal measures in some parts of Great Britain are believed 
to have a thickness of 10,000 feet, and contain in some places 
100 feet of coal. Can we imagine the length of time required 
for the formation of 100 feet of coal ? 

The coal is made of vegetable matter or woody fibre that has 
grown on the spot ; it is from two to three times as heavy as wood, 
so that 250 feet of solid wood are required to make 100 feet of 
coal ; but as the wood grew and died it would not all remain, 
a great part of it would decay, and only some portions would 
be preserved. But if we assume that one-half was preserved, 
then it would require, to make 100 feet thick of coal, a growth 
of wood equal to a thickness of 500 feet. 

It has been calculated that 9 feet of peat would be required to 
form I foot of coal. If the trees grew i foot high each year, and if 
for each diameter of i foot of trunk there was a diameter of 20 feet 
of ground, or 400 square feet for each square foot of trunk, then the 
time required would be 400 x 500 = 200,000 years for 100 feet of 
coal And then there is the time reauired for 9900 feet of shale, 
sandstone, and fire-clay ; if these beds were formed at the same 
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rate as the coal, it would require 20,000,000 years to make the 
coal measures. But the coal measures are only one of three 
divisions of the Carboniferous formation, and the Carboniferous 
system is only one out of fourteen distinct systems. 

Such calculations as the above are no guide at all as to the 
real duration of geological time, but serve only as examples of one 
way of getting some idea of possibilities in one particular locality. 
It is not probable that in any place the formation of rocks 
went on without interruption for a thickness of 10,000 feet, and 
any period of time guessed at by calculation might require to 
be multiplied by a large factor* or divided by a kurge divisor to 
approach the tr^ truth. 

The different formations are recognized partly by their litho- 
logical characteristics, that is to say, by the quality and appear- 
ance of the rocks, and partly by the fossil remains of plant and 
animal life which they contain. Each formation has not got an 
entirely distinct set of fossils, but it has some distinctive fossils. 

The recent rocks contain remains of animals very similar to 
many of those now existing on the globe, and, going backwards 
to the older rocks, the difference between the animals then exist- 
ing and now is greater, until all forms of mammalia are lost ; and 
it is supposed in the earliest rocks of all only the remains of 
comparatively elementary organisms exist. As regards the litho- 
logical characteristics of the various formations, the following 
observations may assist the student : — 

The Cretaceous, or chalk rocks, are often conspicuous, as in 
the wolds of the East Riding of Yorkshire, in Lincolnshire, Hert- 
fordshire, Wiltshire, or Sussex, where the chalk forms gently 
sloping hills, in which numerous quarries reveal the white lime- 
stone. 

The Trias, or New Red Sandstone, generally gives a red colour 
to the ploughed fields, while the river-banks, r^way cuttings, and 
quarries show sandstones and shales all red ; sometimes thin beds 
of gypsum are interstratificd. 

The millstone grit is often seen in rough crags and precipices, 
as in the Pennine chain of Yorkshire and Derbyshire, ^d is 
itself a rough mixture of sand and pebbles consolidated into a 
hard and durable rock, which is largely used, not only for mill- 
stones, but for building. 

The mountain or Carboniferous limestone is seen in mountains 
of rounded contour, often cut by deep valleys with precipitous 
sides ; it is extensively quarried for limestone. 

The Silurian and Umbrian systems form the wildest mountains 
of North Wales, and from them come most of the roofing- slates 
used in this country. 
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The student soon learns the distinctive appemoce of araus 
of the strata of each formation. 

With r^jaid to the characteristic fossils of each system, the 
student may easily learn to reco^ize the Lias by the ammonites 
(see Fig. 13) and belemnites which abound ; the coal measures, 



Fig 13 — Ammonite 
( H ttm/ArrstoMMs). 



F IG X4 — Sigillana 


Fig. 15 —Stigmaria 


bv the sigillaria an<i sti$:maria (Figs. 14, 15, 16), lepidodenciron 
(Fig. 17), alethopteris (Fig. 18), calamites (Fig. 19), goniatites 
(Fig. 20, etc.); the mountain limestone, by the encrinites, which 
in some places seem to make a large portion of the rock (see 
Fig. 21). The Silurian formation is noted by the development of 



Fig. 16 — Sugmaria, from a photograph 


the crustaceans known as trilobites, of which a specimen is shown 
in Fig. 22. 

Occorrenoe of MineraLs.— All the coal in Great Britain 
(with slight exceptions *) occurs in the Carboniferous formation. 
It is always, without exception, in regular beds interstraiified with 

• These exceptioiu consist of a bed of coal about a feet thick in the I»wer 
Oolite, on the hills between Wliitby and Helmslcy, in North-East Yorkshire : 
and tone Carboniferous shale in Dorsetshire, in the same foi matioii j the Urora 
ml, etc. 





Fig. aa — CmtiatiUs LhUri, 
(rotn ** Baum Pot.** Sketch 
enlarged from prepaicd 
section of fossil. 


Fig. 31 . — Weathered surface of 
crinmdal limestone. 


Fic. sa.— Trilobite 


this is very rare; alid sometimes^ though seldom, a sandstone 
takes the place of the shale roof. 

The seams of coal in Great Britain are remarkable for their 
regular thickness and the wonderful manner in which the charac- 
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taistics of each particular seam are often maintained for many 
miles. 

A seam of coal, say 4 feet thick, may sometimes be traced for 
5 or 6 miles without a variation in thickness exceeding 6 inches, 
whilst the variations in quality will be hardly perceptible. 

A seam of coal sometimes maintains its distinctive qualities 
for a distance of more than 40 miles.^ 

The natural tendency is towards Variations, and coals thicken 
or thin, or split up into several seams (see Fig. 33) or are brought 



Fic. 33. — ^Three seams of coal Fig. 34. — Sandstone merging into 

tmiung to form one* shale, a, sandstone ; shale, 

coal; bt fire-clay; r, inter- 
i-entng shales. 

t(^ether into one thick seam (as in the StafiFordshire thick coal, 
which is 30 feet thick in one great bed, with only thin dirt part- 
ings, and in a distance of about lo miles intercalations of sand- 
stone and shale are included, having an aggregate thickness of 



Figs. 95. ulmgimcidit (transverse sections). Sketches 

enticed from prepared sectioQ of fonU. Fig. 36, enlarged from Fig. 95 
on line 


500 feet) ; they vaiy from clean to dirty and from anthracitic to 
bituminous. 

In the same way the shales gradually merge into sandstones, 
and vice vend (see Fig. 34). Soft fire-clays change into hard or 
indurated fire-^ys. In one part of a coal-field two well-known 
seams may be separated by say 340 yards of strata, and within 
say 16 miles the mtervening strata may be reduced to x8o yards. 
These changes are what most always be expected ; it is only tibe 
iqiukrity tl^ at all surprises the geological student 

‘ Caniicl coal is an exception to all the above statements. 
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In the coal measures the stumps of trees are often found erect, 
as if in the place where they had grown. 

The origin of coal can be shown by grinding sections of it till 



Fig. a8.— Vertical section of Derbyehirc Coal-fieJd between Chesierlicid and Nottingham. 

they are transparent, then, if a bright light is focussed on these 
sections and a double convex lens placed in front, the structure 
of the specimen may be displayed upon a white screen ; and it is 



GEOLOGY. 19 

thus seen to bear the characteristics of wood and vegetable growth 
(see Figs. 25 and 26). 

The following are some sections of coal-fields ; Fig. 27, section 
across the Midland Coal-field ; Fig. 28, vertical section of the 
Derbyshire Coal-field between Chesterfield and Nottingham. 

The above sections were levelled and measured by the author 
for the Royal Commission in 1867-68. 

The following list of minerals includes most of those known 
to miners. Those printed in darker type are the most im- 
portant as regards commercial value. Nearly all of them are got 
in English mines, though often •only in very small proportions. 
But platinum, mercury, and the more valuable precious stones are 
not found in English mines : — 


Table II. — List of Fiftv-eight Minerals. 


£ denotes that they are jound in Great Britain* 


Alum clay. (E.) 

Gypsum. (E.) 

Petroleum. (E.) 

Alum shale. (E.) 

Graphite. (E.) 

Phosphates of lime. (S.) 

Aluminium ore. 

Iron ore. (E.) 

Phosphorus. 

Antimony ore. (E.) 

Iridium ore. 

Platinum ore. 

Arsenic ore. (E.) 

Jet. (E.) 

Potassium ore. 

Afbestoi. 

iiead ore. (E.) 

Precious stones. 

Afphaltnm. 

Iiithium ore. (£.) 

Salt. (S.) 

Barytes. (E.) 

Lignite. (E ) 

Silyer ore. (E.) 

Bismuth ore. 

Limestone. (E.) 

Slates. (E.) 

Borax. 

Magnesium ore. 

Sodium nitrate. 

Cadmium. 

Manganese ore. (£.) 

Stone. (£.) 

Clays (Fira-olay). (E.) 

Mica. 

Sulphur ore. (E.) 

CoaL (E.) 

Merenry ore. 

Strontium ore. (E.) 

Cobalt ore. (E.) 

Mineral waters. (£.) 

Tellurium ore. 

Copper ore. (E.) 

Molybdenum. 

Tin ore. (E.) 

Flirt. (E.) 

Ochre. (E.) 

Tungsten ore. 

Fluor-spar. (E.) 

Oil shale (E ) 

Uranium ore. (E.) 

Canister. (E.) 

Ozokerite. 

Wolfram ore. (B.) 

Gae. 

Gold ore. (£.) 

Palladium. 

Zine ore. (£.) 

Of the above minerals many are found 

as beds of stratified 

deposit or disseminated 
the following table : — 

in stratified rocks. 

These are shown in 


English and Foreign. 
Alum clay or shale. 
Bog-ore. 

Fire-clay. 

Coal. 

Flint. 

Canister. 

Gypsum. 


Table III. 

English and Foreign. 
Graphite. 

Iron ore. 

Lignite. 

Jet. 

Limestone. 

Ochre and Umber. 
Oil shale. 
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English and Foreign 
Petroleum. 

Phosphate of lime. 

Salt. 

Slates. 

Stone* 

Stream deposits, containing 
gold, tin, and other metals. 


Foreign only. 

Asphalte (Val-de-Travers, 
Trinidad, etc.). 

Borax. 

Gas. 

Nitrate of soda. 
Ozokerite. 

Precious stones. 


And others are found in vein*/ that is, in cracks, crevices, 
clefts, caves, pipes, holes in rocks which were made and con- 
solidated ages before the veins were formed. 

These cracks have been caused by subterranean disturbances 
which have split the solid rocks often for many miles in a nearly 
straight line, sometimes raising one side (or lowering the other) 
and sometimes leaving an opening be- 
tween the two sides of from a few inches 
up to more than loo feet in width (see 
Fig. 29). Such a fracture of the strata, 
when accompanied by displacement, is 



Fig. 39, — Vein m fault 
At vein ; limestone 
rocks ; c, sandstone. 



Fig. 30 — Fault in coal measures, a, fault 
filled with dirt ; b, mam coal. 


commonly called a fault.” When a fault takes place in hard 
rock, an open crack is often left ; but when the fault is in soft rocks, 
such as the ordinary coal measures, shales, 
and binds, no open crack is left, the strata 
on each side being squeezed together (see 
Fig. 30). Sometimes a crack may be 
opened in rocks without raising one side 
above the other. 

Holes are sometimes made in rocks 
(especially limestone rocks) by the action 
of water charged with acids, or by abrasion 
of gravel-charged streams. These holes are 
sometimes wide chasms, and sometimes 
narrow clefts, and sometimes like a pipe ; 
in many cases the large chasms are connected by narrow clefts 

• In South Wales and in those numerous countries abroad where Welsh 
miners are engaged, the word ** vein ** is applied to stratified seams of coal as 
weB as to mineru veins. 
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forming a chain miles in length. These cracks, caves, chasms, 
and pipes have been filled up with a mineral deposit containing 
vein-stuff {ue. valueless minerals) and ore {ue. valuable mineral) 
in constantly var3ring proportions (see Figs. 31 to 33). 

Where the veins are formed in cracks caused by violent 



Fig. ^2.-— Silver-lead, Clausthal, Germany: from a photograph by tlw author, 
rt, lead ore containing silver, as seen in a section of the vein ; vein-stu0f or 
spar (waste). The width of the vein here shown is 3 feet 9 inches. 


disruption of hard rocks, they reach down to great depths, and in 
most cases the bottom of the vein has never yet been proved, and 
it may be beyond the reach of the miner (the deepest mine has 
not yet explored a vein for a vertical 
height of 5000 feet, though a bore- 
hole has reached nearly 6000 feet). 

There is no reason to suppose that, 
within such depths as are accessible to 
human beings, these veins will be either 
richer or poorer in valuable ore as the 
mines get deeper. 

But as regards the veins which are 
found in water-made caves, the bottom 
of these is reached when the bottom 
of the cave is explored, and cannot go 
deeper than the stratum which is capable of being formed into 
caves by aqueous action. 

Thus if iron ore (haematite) were found in water-made caves 
of the mountain (Carboniferous) limestone, it would be vain to 
explore the shales or sandstones underlying the limestone for a 
continuation of these deposits of ore. 

The following list shows minerals which are now mined in 
veins 



Fig. 33. — Water-wom cavity and 
....neral, limestone with 
water-worn cavities; mi- 
neral vein. 


English and Foreign. 
Alumina. 

Antimony ore. 

Arsenic ore. 

Barytes. 

Cot^lt ore. 


Table IV. 

( Foreign only. 

Bismuth ore. 

Borax. 

Cadmium ore. 
Iridium. 

Lithium. 
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English and Foreign. 
Copper ore. 

Fluor-spar. 

Gold. 

Graphite. 

Iron ore. 

Lead ore. 

Manganese. 

Mineral waters. 
Petroleum. 

Potassium. 

Silver ore. 

Sulphur (as pyrites). 
Strontium ore. 

Tin ore. 

Uranium ore. 

Wolfram ore. 

Zinc ore. 


Foreign only. 

Magnesium. 

Mercury ore. 

Mica. 

Molybdenum. 

Palladium. 

Phosphate of lime. 

Platinum. 

Precious stones, diamonds, rubies, 
emeralds, turquoises, garnets, 
sapphires, opals, etc. 

Native sulphur, (Some geologists 
would not allow this as being 
got in veins of any kind.) 

Tellurium. 

Tungsten ore. 


Sometimes minerals are found in volcanic craters and in pits 
or channels like huge shafts (see Fig. 34) 
formed by volcanic agency. Such, perhaps, 
are the Mount Morgan Gold-mine of Queens- 
land, the Kimberley Diamond-mine of South 
Africa, the sulphur-mines of Sicily. 

Fig. 34.— Section of The following table is interesting, as show- 
couinuY 1’ tonnage and value of the minerals got 

voiSnw ^ft oJ annually in Great Britain. It has been com- 
mTncrai. pilcd from the Government statistics : — 



Table V. 


Description of 
mineral raised in 
the United 
Kingdom. 


Alum clay (Bauxite) 
Alum shale 
Antimony ore 

Arsenic 

Arsenical pyrites ... 

Barytes 

Bog ore 

Clays (excepting 
ordinary clay) ... 

Coal 

Cobalt and Nickel 
ore 

Copper ore 

Copper precipitate 

Fluor-s^ 

Gold ore 

Gypsum 


^ 1889. 

i 

1890. 

1891. 

I 

1 Quantity. 

1 Value at 


Value at 


Value at 


the 

mines. 

Quantity. 

the 

mines. 

Quantity. 

the 

mines. 

1 Tons. 

jC i 

Tons. 

/: 

Tons. 


9,150 

5,490! 

11,527 

5,763 

*0,763 

3,228 

1 4 .i 88 

523 

6,420 

802 

5,474 

684 

(cwts.)67 

900 

*4 

200 

* 5 * 

250 


1 38,260 

7,276 

60,727 

6,048 

58,593 

I 7,688 


5 , *14 

4 , 4*4 

5,095 

4,370 

24,849 

38,238 

25,353 

29,684 

i 26,876 

32,120 

j 14,002 

7,001 

14,512 

7,256 

16,075 

8,037 

3,036,253 

828,174 

3,308,214 

890,166 

3,222,035 

943,896 

176,916,724 

56,175,426 

181,6x4,288 

74 , 953,997 

185,479,126 

74,099,816 

! *55 

968 

84 

260 

Nil. 

— 

9,029 

26,584 

12,136 

27,801 

8,836 

20,214 

! 281 

3 , 1*3 

345 

4,670 

322 

4,355 

297 

4x1 

268 

392 

141 

187 

6,226 

10,746 

53 , 

1 575 

434 

14,1x7 

12,200 

60,038 

» 33,357 

140,293 

57 , 99 * 

151,708 
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Table V, — {canijnued.) 


Description of 




mineral raised in 
the United 
Kingdom. 

1 

1 Quantity. 

Value at 
the 
mines. 

Quantity. 

Value at 
the 
mines. 

( 

1 Quantity. 

Value at 
the 
mines. 


I Tons. 

• 

£ 

Tons. 

£ 

Tons. 

£ 

Iron ore 

14,546,105 

3,848,268 

13 » 78 o ,767 

3,926,445 

12,777,689 

3,355-860 

Iron pyrites 

17.719 

8 , 1 X 1 

16,018 

7,666 

3^5,463 

8,002 

}et_. 

(lbs.) 618 

124 

(lbs.) 1,228 

245 

(lbs.) 766 

*53 

Lead ore 

48,46s 

429,6471 

45.651 

406,164 

1 43,859 

356,783 

Lignite 

947 

284 

2,630 

767 

1 4.664 

1,360 

Manganese ure 

8.352 

6,478 

X 2,444 

6,733 

9,476 

6,213 

Ochre, Umber, etc 

10,494 

15,532 

19,068 

17,475 

13,602 

20,103 

Oil shale 

3,0x4,860 

503,715 

3,212,250 

608,369 

2,361,119 

707,177 

Petroleum 

1 30 

45 

35 

52 

' 100 

150 

Phosphate of lime 

1 20,000 

38,250 

X 8,000 

39,500 

10,000 

20,000 

Salt 

1,946,496 

890,364 

2 146,849 

1,100,014 

2,043,571 

976,824 

Slates and slabs ... 

1 458,436 

1,048,143 

434,352 

1,027,235 

, 415.029 

987 000 

Stone, etc. 

— 

8,670,935 


8,708,601 


8,693,743 

Sulphate of .strontia i 

5.976 

2,988 

10,276 

5,138 

8061 

4.030 

Tin ore 

13,8^ 

729,213 

14,911 

782,492 

1 14,488 

735 240 

Tungstate of soda 1 


— 





Uranium ore 

— 

— 

22 

2, zoo 

' 31 

620 

Wolfram I 

k 

8 

104 

1,848 

138 

3,341 

Zinc ore i 

1 

23,202 

96,925 

22,041 1 

109,890 

22,216 

113 445 

1 

Toul values ... 

I 

73,476,000 

1 1 

92,794,481 1 

I 

91,238,032 


It may be useful to refer to the mode of occurrence of some 
of the more important minerals. 

Coal has already been mentioned. 

Fire-clay is a species of indurated clay. It is found as a 
stratified bed; it is particularly abundant in the coal measures. As 
a rule, a bed of fire-clay has a seam of coal overlying it, but the 
coal may be very thin and of no present commercial value, or 
may be represented by a carbonaceous shale. Fire-clay is like 
ordinary surface clay in this respect, that it has no lines of bedding 
or stratification except where it joins another stratum, nor has it 
any cleavage, although it has joints along which it can be broken. 
To be valuable it must be nearly a pure silicate of alumina, 
mixed sometimes with silica. Fire clays are seldom worked 
unless the bed is 2 feet or more in thickness. From 2 to 4 feet 
is a common thickness for a valuable bed of fire-clay. In some 
cases there are fire-clays 30 feet in thickness. 

Canister is a stratified mineral like a sandstone. It is nearly 
pure silica. It often, if not generally, underlies a seam of coal, 
and is underlaid by fire-clay. It is very hard, and has been often 
used for road-mending ; it is used for making fire-bricks capable 
of resisting great heat, and also for the lining “ holes in steel- 
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smelting works. A bed of ganister generally varies in thickness 
in a short distance from 2 6r 3 inches up to 3 or 4 feet 

Gypsum, a white rock used for making plaster, is found 
interstratified with the shales of the Keuper formation. The 
beds vary from a few inches up to about 12 feet in English 
mines. 


Oil shale is found in the coal measures of Great Britain, inter- 
stratified with other shales and seami of coal. It contains a great 
deal of petroleum, which is obtained by distillation. It is often 
got in coal-mining when it happens to be contiguous to a coal 
seam ; occasionally, as in the oase of the celebrated bog-head 
mineral in Scotland, it is worked by itself. 

Phosphate of lime, in the shape called coprolites, in England, 
is excavated in parts of Hertfordshire and Bedfordshire, where it 
is found, at a little depth below the surface, in some parts of the 
Cretaceous formation. It is not found in continuous beds, but in 
hollows or troughs perhaps 7 or 8 feet in depth, which can be 
easily got at with a pick, like a bed of pebbles, and appears to 
consist of fossilized animal remains such as whales, sharks, etc. 
In Florida and Carolina it is largely excavated, sometimes in 
very dry ground, and sometimes dredged from rivers, where it is 
found in beds. In Carolina the beds are thin, usually from 8 



Fig. ^.—Section of Mlt-mine and 
strata. 


to 18 inches in thickness, though 
they are occasionally thicker.^ In 
Canada phosphates are mined in 
veins of great thickness. 

Salt, like gypsum, is a white 
rock, found interstratified with the 
red shales of the Keuper formation. 
In the mines of Northwich it is 
found in beds which attain a thick- 
ness of so yards (see Fig. 35) ; in 
some places, as at Wielitzka, near 
Cracow, the thickness is upwards 
of 1000 feet 

Slates are indurated shales. In 


Great Britain they are generally 
met with in the Silurian and Cambrian formations. They have 
been greatly altered by pressure so as to lose the nature and 
appearance of shale. The valuable slates are those which possess 
a suitable cleavage for splitting up into roofing-slates. Some 
of the finer varieties are exceedingly fissile, and an expert work- 
man can spUt a slab i inch in thickness into upwards of thirty 
full-sized roofing-slates. The seams sometimes attain a great 
’ C. C. Hoyer Millar. 
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thickness — upwards of 800 feet ; and they are often inclined at 
d very steep angle. 

This is sometimes a stratified rock, as, for instance, 
Portland, Bath, and other limestones ; Whatstandwell (Derbyshire), 
Bramley Fall (Yorkshire), and other sandstones. 

The stratified rocks are sometimes worked by underground 
mining, as in the neighbourhood of Bath, but as a general rule 
stone is got by open work. 

A great deal of stone is unstratified rock of the class commonly 
called igneous, such as granite, syenite, greenstone. Generally 
the granite is an intrusive maifs, or is in a cone, round which 
have been deposited more recent rocks. This kind of stone is 
largely got, both for building 
and road-making, by open work. 

Occurrence of Metals.— ^ 

Iron is the most important metal 

got either in Great Britain or '> ‘ 

elsewhere. 

It is generally found in the V; 
stratified rocks, and to some 
extent in all, or nearly all, the 
formations from the most recent w" 

to the earliest metaraorphic Big 36.— Section knowing deposit oChxma- 
formations. haemauie ; carboniferous 

It is most commonly found 

as a stone strongly impregnated with iron, and as such is itself 
a stratified rock. It is also found in great masses of more or 
less pure oxide of iron filling up cavities in rocks of much older 
date than the iron ore therein deposited (see Fig. 36). 

The chief beds of stratified ore now worked m Great Britain 
are those of the Oolite and Lias and of the coal measures. Till 
within the last forty years or later, the coal measures afforded 
the chief supply of iron ore. 


Big 36.— Section knowing depokit oChxma- 
tuc ore. at haemauie ; carboniferous 
limestone. 


Iron ore is found abun- 

dantlyin most of the Briiish Ironstoru/ ^ 

coal-fields with the excep- , ^ 1 

tion of those of Durham ^ ^ ' 

and Northumberland. 

ironstone of the 37.— Section showing coal-measure iron- 

COal measures is found as a stone, shale with blaclc-bed ironstone ; 3 , 

bed of hard stone, some- Wack-bedcoai: ..seatemh. 

times reaching a thickness of upwards of 9 feet Generally 
it is much thinner, the stone being found in thin beds i inch 
and up to 6 inches in thickness, interstratified with shale (see 
Fig. 37), 


Fig. 37. — Section showing coal-measure iron- 
stone. /r, shale with blaclc-bed ironstone ; 3 , 
black-bed coal ; c, seat earth. 
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The ironstone is often found as nodules or balls lying close 
together in regular layers in the shale. 

If beds of ironstone of good quality happen to lie in close 
proximity to a seam of coal, they are often got in the same 
working, where the cost of working either separately would have 
been too great 

When thus associated with a seam of coal, the total thickness of 
ironstone got in one working is somefimes as little as 3 or 4 inches. 
When the ironstone is got by itself, at least twice that thickness 
of good iron ore in a total thickness of ore and shale amounting 
to 3 feet is necessary for profitable working. But these obser- 
vations as to the profitable working of coal-measure ironstone 
apply rather to a period of thirty years ago than to the present 
day. At the present date coal-measure ironstone can only be 
profitably worked in a few places where it is of exceptional 
excellence or great thickness, as, for instance, the Blackband iron 
ore of Lanarkshire ; the ironstone of North Staffordshire, worked 
in a bed 4 feet in thickness ; the Black-bed ironstone found near 
Leeds, which is worked as thin as 4 inches, together with a seam 
of coal 18 inches thick (see Fig. 37). With these and perhaps 
^ ^ ^ ^ few other exceptions, the coal-measure 

ironstones, which recently were the chief 
source of our iron-supplies, are now 
o entirely unworked, 

a. V Lower Oolite has 

taken the place of the coal-measure iron- 
stone, because it lies near the surface 
^ (r"- y ' (see Fig. 38), as in Northamptonshire, 
Leicestershire, Rutlandshire, and Lincoln- 
Oolite limestone ; a, shire, and is got by open work at about 
one-fourth of the cost of getting coal- 
measure ironstone ; or else, as in Cleveland, it lies in a bed 9 to 
12 feet in thickness, and being also softer than coal-measure 
ironstone, it can be got by underground mining at about one- 
third the cost 

The other chief sources of iron ore are the masses of red 
haematite found in Cumberland and North Lancashire, and of 
brown haematite in the Forest of Dean and South Wales. 




Fig. 38. — Stratified iron ore. 
if. Oolite limestone ; a, 
ironstone ; c. Lias day. 


Another oxide (gothite) has been got at a mine near 
Lostwithiel, in Cornwall. Ore has been found in other places, 
but out of 2,472,536 tons of haematite ore got in Britain in 1891, 
2,394,990 tons were got in Cumberland and North Lancashire. 
The ore in these counties is found in great masses in the Car- 
boniferous (mountain) limestone, measuring in some cases over 
1000 feet long, by 750 feet wide and over 400 feet deep, and in 
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other cases io veins 3000 feet long and 90 feet wide. Sometimes 
the ironstone appears at the surface^ but it is often completely 
buried beneath limestone rocks. It would seem as if the ore 
had been deposited in caverns formed in the limestone. The larger 
deposits of ore are sometimes connected by narrow channels filled 
with ore. 

Tin ore comes next to iron in importance amongst the metals 
raised in Great Britain. All the British tin-mines are in Corn- 
wall. Tin is found in veins, in the granite and killas (the 
latter being a metamorphic clay slate). The veins vary in thick- 
ness from a few inches up to *25 feet; in depth they have not 
been proved, the deepest mine being less than 1000 yards in 
depth. They are sometimes nearly vertical, and sometimes slope 
at an angle of 27° from the vertical. Occasionally the veins 
spread out horizontally into flats. Tin ore is an oxide of tin 
called cassiterite. Cassiterite is mixed with stone (generally 
chiefly composed of quartz), forming a rock. At Dolcoath the 
tin rock is called “ blue capel ; ” it is one of the hardest rocks 
known. Sometimes, as in the neighbourhood of St. Austell, 
the vein stone is soft. The ore is sometimes diffused through 
a large mass of rocks on each side of the vein or leader forming 
what are called stockworks, as at Cam Brea. 

Next to iron, lead is the most widely diffused metal which is 
mined in this country. It is found in England, Wales, Scotland, 
Ireland, and the Isle of Man. It occurs in veins, chiefly in the 
Carboniferous limestone, as in Northumberland, Durham, York- 
shire, Derbyshire, and Flintshire; but there are also lead-veins 
in the Silurian, as in Mid-Wales, and in other rocks. 

The principal ore of lead found in this country is galena, a 
sulphide of lead. The veins vary in width from a thin leader 
barely visible to the width of a large cave, say 20 feet The 
vein is sometimes full of galena, and often it chiefly contains 
vein-stuff, that is, spar or other waste material. 

The ores of copper, zinc, and barytes also occur in veins, 
like tin and lead, but they are only produced in small quantities 
in Great Britain. 

English copper was at one time more extensively worked than 
it is at present, but the price that now rules is hardly sufficient to 
keep the British mines at work. The production in 1891 was 720 
tons of metallic copper, while in 1863 it was 14,247 tons, or nearly 
twenty times the present output But in 1863 the average value 
was ;^ioo a ton, whereas in 1891 it was about ^^56 a ton. Owing 
to this low price, most of the British mines have been closed. It 
may be that at some future date British copper-mines will again 
be largely wrought Mines are often closed owing to temporary 
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difficulties which might be overcome if there was a substantial 
reserve fund with which to carry on the mine during times when 
the more profitable portions of the veins are exhausted, and it 
becomes necessary to make further explorations in search of rich 
deposits. In many cases the profits in good years are paid away 
to the shareholders, who may be a rapidly changing body, so that 
when the mine is temporarily less productive, during a period of 
low prices, there is no fund at hand with which to carry it on. 
The pumping of the water is often a constant and heavy charge, 
which cannot be borne by a mine having only a small output. 
Possibly at some future time, by«means of the collective action 
of the community, the cost of water-pumping will be better dis- 
tributed, and the total cost reduced in some cases by adits on 
a low level ; improved machinery may be erected for winding, for 
the conveyance of mineral and material underground and on the 
surface, for rock drilling, and stamping, a severe system of finance 
adhered to, and, as a result, the British copper-mines found capable 
of holding their own in competition with the world. 
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CHAPTER 11 . 

EXPI.ORATION. 

The mining engineer may find himself in a country to which he 
is a stranger, his duty being to ascertain what valuable minerals, 
if any, exist in the locality, and their mode of occurrence. It 
would greatly facilitate his inquiries and enhance the value of his 
discoveries if he had been a diligent student of geological science ; 
and the following pages are intended, not as any substitute for 
such s'-udy, but partly to point out how such study would be 
useful, as well as the methods he would pursue if his previous 
study had fitted him for the work he has undertaken. It may 
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boles shown 0> 

simplify our treatment of this subject if we consider, in turn, some 
of the numerous problems that present themselves in practice. 

Case I. — The particular bit of country he has to explore is 
in a coal-field. It is indicated in Figs. 39 and 40. The plan 
and section show the result of the exploration. Two collieries 
are discovered on the west and east : that to the west being on 
the “ rise side of the estate, or the side on which the strata 
crop out ; that to the east being on the “ dip ” side of the estate, 
or the side on which the strata dip under other and superincumbent 
strata. 

The depths of these collieries are respectively 120 yards and 
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360 yards from the surface to the lowest seam of coal, which is 
4 feet thicL The west colliery is 20 yards above sea-level, and 
the east colliery 60 yards above sea-level; thus the respective 
depths below sea-level are 100 yards and 300 yards, as shown in 
the section fi^re. 

Each colliery is working a similar coal, apparently the same 
seam, dipping in the same direction at the same rate. A thin 
seam of coal, 2 feet thick (No. i on tlfe section), is found cropping 
out on the hillside, at a height of 45 yards above sea-level, 
dipping east at an angle of about 3° ; a similar and apparently 



identical seam is found in the east colliery shaft, 125 yards below 
sea-level, and at a distance of about 3400 yards from the out- 
crop. 

It is then noted that a dip of about 3® is approximately equal 
to a dip of I in 20, or 5 per cent. ; that is, a dip i yard vertical 
in a distance of 20 yards horizontal This dip, continued for a 
distance of 3400 yards horizontal, would give a vertical fall of 
170 yards, and that is precisely the fall that is found — 45 yards 
above sea-level added to 125 yards below. 

There are also three sandstone quarries in two distinct beds, 
where freestone is got The dip of the strata is here ascertained 
to be about 3*^ east, and at a corresponding depth the same two 
beds of rock are found in the cast colliery shaft. 

On the top of the hill some trial holes are dug 6 or 7 feet 
deep into the beds of shale, and here the dip is also found to 
be regular at 3®. The outcrop of coal No. i is traced along the 
hillside across the estate from north to south, either by digging 



EXPLORATION. 


31 


with a pick and shovel, or by boring holes, say 5 yards deep, 
with boring-rods. The eastern outcrop of the upper bed of rock 
is also traced across the estate from north to south. 

The exploration of the estate is now complete. 

The uniformity of the dip from west to east, as proved by the 
pits, outcrops, quarries, and intermediate trial-holes, shows that 
there is no fault or break in the strata between the two collieries. 
The regularity with which the outcrops of coal and rock follow 



Fig. 41.— Plan showing “wash-out.” 


the contour of the hill show that there is no fault from north to 
south. It is, therefore, reasonable to believe that the coal and 
other strata found in the east colliery continue regularly under 
the estate, as shown on the section. It is possible that in the 
distance between the east and west collieries some beds of coal, 
fire-clay, ironstone, shale, and rock may vary in thickness and 
quality, or may be in places entirely wanting. It would be very 
remarkable, indeed, if a coal-seam 4 feet thick were to be entirely 



wanting in such a situation. But it is a contingency to be 
guarded against. There are “wash-outs,” sometimes called 
“ dumb-faults.” These are places from which the coal has been 
washed away as if by some river, and the river-bed afterwards 
filled up with sand. These wash-outs are sometimes 600 yards in 
width and 7 or 8 miles in length. Figs. 41 and 42 show a plan 
and section of a w’ash-out. 

Referring to the plan (Fig. 39), it is possible that such a wash- 
out may traverse the estate from north to south. If there are 
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no collieries north and south by which the coal is proved, there 
is no means of ascertaining that such a “ wash-out ” does or does 
not exist except by a number of costly borings. Wash-outs are 
very rare, and, if the estate was in other respects satisfactoiy, 



Fig. 43. — Plan of estate, showing outcrops thus = ; pits, © ; bore*hoIes, O* 


most mining engineers would consider that the coal was sufficiently 
proved. 

Case II. is a coal-field. Collieries are working on the western 
side only (Figs. 43, 44). The explorer must take all particulars 
of these depths, inclination of strata, thickness of coal, particulars 



Fig. 44.*-Showing section of estate proved by digging and boring. 


of the strata found in the shafts, faults, if any, extent of workings, 
water in the mine or in the rocks above, etc. 

Surface-Xndications. — Having got all the information that 
can be obtained at the collieries, the next step is to make a 
careful examination of the surface, in order to find out what the 
ground is made of. Sometimes the nature of the ground may be 
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seen in railway cuttings, or in the precipitous sides of a mountain 
torrent, or in a quarry, or by examining the earth that has been 
thrown up from any pit or well, — well-sinkers can give information 
as to coals and rocks found in sinking. A recently ploughed 
field will often reveal several facts: a broad black band may 
indicate the outcrop of some dark stratum of shale or of a seam 
of coal ; numerous pebbles, may indicate that the strata are 



Fig. 45 — Excavation of surface gravel to Fig. 46 — Section of hillside, shoMong 

prove strata shales and rocky clifis. 


covered with a recent deposit of gravel, as in Fig. 45. A steep 
cliff may be due to a bed of hard rock (Fig. 46), which is able 
to stand at a steeper angle than shale, bind, or fire-clay, because 
the weather gradually disintegrates and softens the surface of the 
shale so that it cannot stand at a steep angle. There are many 
precipitous cliffs of shale, but the exposed surface of these is 
constantly falling off. A stream of water issuing from the hillside 
may form a deposit containing oxide of iron. 

A spring of water is often due to a fault diverting an 



Fig. 47 — Sectional elevation of hillside with fault and spnng. 


underground current of water. Fig. 47 shows a hillside partly in 
elevation and partly in section. The rock, having open joints, 
will conduct the rainfall that reaches the outcrop down to the 
valley ; but a fault crossing the strata throws the rock up, and 
substitutes a bed of shale, which is impervious to water. The 
water, being unable to flow downwards to the bottom of the 
valley, finds its way through the covering of clay and soil on the 
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hillside, and bursts out in a spring at A in the figure. If this spring 
does not flow off in a clear channel, the ground about it becomes 
a marsh. For these reasons the presence of a fault may some- 
times be inferred from a spring or marsh. 

A bright red colour in a ploughed field often indicates the 
New Red Sandstone formation ; and a thick sprinkling of flints 
generally shows that the chalk rock is below the soil. In the present 
case the surface gives only negative indications (that is to say, 
there is no evidence that coal does not continue under the estate), 
except the outcrop of a bed of rock near the hilltop (sec Fig. 44), 
which seems to be a thick bed of sandstone. There are some 
old quarries in it where stone has been got for building and for 
mending the country roads, and the outcrop of this rock seems to 
cross the estate from north to south, but it is for the greater part 
of the way covered with soil, and, except where it has been got in 
quarries, the indications are uncertain. 

The workings at the old pits proved that the line of level went 
due north and south across the estate. The outcrop of the Little 
coal can therefore be marked on the map by calculation, and the 
positions so ascertained actually proved by digging holes or by 
boring. If the ground was flat, the outcrop would go straight 
from north to south, but as there are hills and valleys, the line 
of outcrop is twisted — when there is a hill, the outcrop is further 
west; and when there is a valley, the coal is cut out and the outcrop 
is further east. 

The workings at the new pit have extended a short way north 
and south, and so far as they have gone they show no change 
in either the direction or amount of dip. The Frog coal crops 
out near the pit, as proved by actual digging ; the position of the 
outcrop across the estate is then marked on the plan by calcula- 
tion, and then the exact places ascertained by digging and boring. 

In this case the line of outcrop is parallel to that of the 
Little coal. On the hillside above the new colliery a bore-hole 
is next started, and at a depth of about lo yards a new seam of 
coal, named Bates’s coal is met with (named after the foreman who 
is in charge of the boring) ; the bore-hole is continued down to a 
depth of nearly 60 yards, when it has passed through the Frog 
coal into the strata below. 

The outcrop of Bates’s coal is now traced across the estate. 
Another boring (No. 2) is made on the hillside above No. i, at 
a depth of five yards ; it proves another new seam of coal, which 
is nam^ Jug coal (because the workmen’s tea arrived just as the 
coal was found). This boring is also continued down until some 

K * >udy known strata are founds and within a depth of 65 yards 
’s is bored thido|^ 
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The outcrop of the Jug coal is traced, and boring No. 3 is 
made ; and subsequently borings Nos. 4, 5, 6, 7, and 8, as shown 
in Figs. 43i 44* 

In this way a succession of new strata, 1260 feet thick above 
the Frog coal, is proved. It is also shown that the dip is regular 
towards the east, and that there are no faults to disturb the line 
of outcrop. ^ 

There is now every reason to believe that the main coal 
underlies the whole estate, and will be found at a depth of 620 
yards below the surface at its eastern boundary, with six other 
seams of coal above it in regular succession. The total amount 
of boring done in proving this estate is 800 yards, exclusive of a 
number of shallow borings or excavations along the line of outcrop. 

The estate might have been proved in three other ways. 

{a) By driving downhill in the main coal from the new pit ; 
this would take about six years at the ordinary rate of driving. 

{b) By boring one deep hole where No. 7 hole is ; but the 
boring of deep holes involves a considerable outlay, and there 
is great risk that the results of a solitary boring may mislead. 

(^) By sinking a pit ; but this is a costly operation, and the 
exploration above described is a preliminary operation to discover 
if there is sufficient justification for such a large outlay. 

If the exploration has to be made in a short time, this may be 
accomplished by employing a large number of men, and boring 
at five or six places at the same time. 

Case IIL — Here is a case where the hasty observer may be 
easily misled (Figs, 48, 49). The east and west collieries are 



each working the same seam, which dips the same way, and it is 
quite reasonable to suppose that the coal No. 2 may continue all 
the way along the line A A in the figure. The colliery shafts 
and the workings show nothing to suggest any other conclusion. 

But the careful inquirer examines the whole country before 
coming to a decision, and m this case he discovers that the strata 
are very highly inclined at some points between the two collieries, 
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and that the strata dip in some places towards the west, whilst 
the general dip is east It is necessary to continue digging and 
boring till the outcrops of the seams of coal have been proved 



and traced. In this case the No. 2 coal is the lowest workable 
coal-seam, and a great part of the estate is therefore shown to be 
barren. 

Case IV. — There is only one colliery, on the west, and all 
-the country on the east of this colliery is unknown. By examining 
the surface and by digging holes and making shallow bore-holes, 
it is discovered that there is a change of &p between A and B 
(Figs. 50, 51). A bore-hole at A gets into some ground which is 
consistent with being in a fault, and the bore-hole at B, being put 
down to a depth of 100 yards, passes through a seam of coal 



Fig. sa— Plan of osute ; Ikalu shown bore-holes, ® ® 


which is recognized as Na 2 coal. The njode of recognition can 
be better understood by reference to Fig. 52. 

This is a section of the strata as proved by the bore-hole 
at R This section corresponds almost exactly with the section 
found at the coUieiy shaft, where No. 2 coal has the same very 
hard black shale roof with ordinary shales above; it has the 
same ftroday floor and shale below, and the same rock 48 feet 
Aick below that, and the coal-smut near the surface of the bore- 
hole corresponds to No. 1 in the shaft. At the hilltop at the 
{dace S on die figure there is also found a coal-smut, or traces 
of a seam of coal, just where No. i coal would be if the coal in 
ibe bore-fades B and C were Na 2 coal 
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Another bore>hole at C gives a similar section to B. A 
bore-hole at D gives a very different section, being in a bed of 


uoo r— >; 

W coLLiemv a ^ ^ ^ n I tr 



Fig. 51.— Section of estate, distorted (not drawn to scale'# 


sandstone. It is suspected that this is the ‘‘ well-known ** rock 
which is found in a quarry 2000 yards due north of the colliery, and 
which has there been proved to be 
about 80 to 90 yards above No. i coal. 

Acting on this theory, a deep bore-hole 
is put down at G, which proves coal 
Nos. I and 2 as shown in the figure. 

Other bore-holes of little depth as shown 
on the plan prove the regularity of the 
dip and the lines of the faults originally 
discovered by the holes at A, B, C, and 
D. The No. 2 coal was expected to be 
162 yards deep at B, but it is actually 
only 43 yards deep. This alteration in 
depth could not be altogether due to a 
change in the inclination of the strata, 
the dip being proved by observations in 
shallow holes, and the change in dip, as 
subsequently proved at B and C, would 
reduce the anticipated depth of Na 2 
coal to 13 1 yards. The difference be- 
tween 13 1 yards and 43 yards can only 
be accounted for by a fault, and the 
fault is an upthrow to the east of 88 
yards. Fig 53, drawn to a natural 
scale, shows these faults. 

As a rule, a geological horizontal 
section is either fetched to no scale 
at all or is drawn to a distorted ” scale, 'Fhe vertical scale is 
different to the horizontal scale, because the depth of a section 
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is generally so much less than its length, that, if both are drawn 
to the same scale, either the details of the vertical section are 
invisible or the length of drawing becomes unwieldy. Thus a 
section might have a vertical scale of 40 feet to 1 inch and a 
horizontal scale of 400 feet to i inch. But upon such a section 



the angle of dip cannot be correctly 
shown. Therefore when it is necessary to 
draw the strata dipping at their real or 
natural angles, the section must be drawn 
to’ a natural scale, that is to say, the hori- 
zontal and vertical lines must be drawn to 
the same scale. 

Case V. — In this case there are no pits. 
By careful search, digging, and boring, two 
seams of coal arc discovered. No. i is 3 
feet thick. No. 2 is 4 feet, and has 6 inches 
of cannel on the top, by which it can be 
easily distinguished from No. 1 coal No 
deep borings are made ; the deepest bore- 
hole is 10 yards. Forty or fifty excavations 
or borings showed the outcrops, as in Fig. 
54, and the inclination of the strata to be 
uniform, as shown in the section (Fig. 55), 
about 26^® from the horizontal, or i in 2. 
The surface of the ground being quite level 
and the inclination uniform, the line of out- 
crop should be quite straight. But in this 
case the line of outcrop is broken, as shown 
in the plan (Fig. 54), and this variation in 
the position of the outcrop can only be 
accounted for by faults. The line of out- 
crop A is thrown back to B, a distance of 
86 yards on the plan, and as the inclination 
is uniformly i in 2, it shows that there is an 
upthrow fault to the south of 43 yards as 
shown on the cross-section x y (Fig. 55). 
At C the line of outcrop is throwm forward 
36 yards, proving a down-throw fault to the 
south of 18 yards. At D the outcrop is 
thrown back again 70 yards to the east, prov- 


ing an upthrow to the south of 35 yards. 

Obbb VL— 'In this case Uie ground is not level, but, except 


a slight irregularity, the outcrop keeps on a line nearly north 
glMI 9mth until getting near the point x (Fi^. 57), when it turns 
Jp the east At ar the line of outcrop s^ain turns towards the 
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south ; the dip b ascertained to be nniformly 36^°, or i in 3, east 
The hill at C is 35 yards above the ground at A, and this extra 
cover ought to have carried the outcrop further west 50 yards, as 


Fif. 54. Fig. 5$. 



Fig. 56. 


Fig. 54.~>PUn of showing outcitm of coal and dip of strata. Fic. 55. — 

Line of section jr v, showing three faults. Fic. 56.— Section on line A F, 
showing effects of faulu by the dotted lines. Drawn to a natural scale 
of 240 yards to i inch. 

shown in the section (Fig. 59) at C. But as the outcrop is not 
thrown forward (and the dip is unchanged), it follows that there 
is an upthrow fault to the south 25 yards, as show'n in the cross- 
section (Fig. 59). When the low ground is reached again at x, 
the outcrop is found to have gone back 50 yards eastwards from 
the point A : this is due to the fault. 

Case Vn, — In this case (see Figa 60 and 61) the coal-field 
appeared to terminate on the western side of the estate, the 
centre and the eastern side being overlaid by Permian rocks and 
New Red Sandstone. 

No. 2 coal was the lowest coal-seam of any value, and, so far 
as could be seen, only the lower and unproductive coal measures 
were likely to lie to the eastward. Bore-hole No. i was, however, 
put down, and passed through two coals similar to Nos. i and 2. 
Bore-hole No. 2 was then put down, and passed through the same 
seams of coal, showing that between these bore-holes and the 
colliery there is an anticlinal ridge, and that valuable coals 
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onderitfi the eftsteni side of the eshMSt In this csM the turCtct 
rocks, being those of an unconfonnable ibnnation, give no indica- 
tion whatever of what may be below, except in this one respect, 

that the surface rocks 
”■ being of a newer 

;\ formation than the 

I coal measures, it is, 

\ . course, always 

r possible that the coal 

below. 

/V ;5^ I previous 

♦ / ?2 2 !Ir I** ill*® seven cases refer cn- 

I ^ tirelytostratifiedmin- 

•1 erals, whether coal, 

0 , ^ ironstone, fire-clay, 

^ building stone, gyp- 

sum, or other mineral. 

The search for 
minerals such as tin- 
stone, lead, copper, 
gold, silver, eta, is 
generally conducted 
5®* in a different manner. 

Fig. sy.—Plan showing outcrop of co*l. Fic. 58.— 5 iection t, ; tViof 

00 line -r showi^ hiU aWl valley, seam of coal, and It IS SelOOm tUat tnC 
fault- Fjc- 5<>.— Section on line A B, showing effect of search for a Vaiuablc 

uuMndUaUaniu^otoutcn^ mineral is Undertaken 

without some guide as to where it is likely to be found. In 
Europe, Asia, and Africa, modern workings of these minerals arc 
generally a continuation of ancient workings, the discoveries 













F 10. 6a#— 'jPtan stiowing estate fkaitly covered by the Pennao and New Red Sandstone 

formaiioni# 


gradu^y extending. In Australasia and some parts of America 
the mines seem to be entirely recent discoveries. The or^nal 
diacoveiy of valuable ores in any district is often, if not generally. 
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accidental rather than die result of elabcnate sdenttfic investi' 
gations. 

These minerals are generally found in hilly c»r mountainous 


Coal Bore Bore 

Pit. Hole /. Holc2 



FiC. 6z.«- Section showing an anticlinal ridge, and eastward extension of coa]>6eld 
entirely concealed oy new formationt, and only discoverable by boring. 


districts (in Germany the same word derj^ signifies “ mountain ** 
and “ mine/* and bergman means “ miner **). There are probably 
several reasons for this. One reason is at once apparent — it is 
that excavations made on the side of a hill can be drained with- 
out pumping machinery. Before the days of steam-power this 
would be sufficient of itself to limit mining operations to the hills 
as a general rule, and even at the present day the preliminary 
operation of searching for minerals would be rendered too costly 
if pumping plant had to be erected before it was known that 
there was any large quantity of mineral to get. Another reason 
is also apparent, and that is that a mineral vein is more likely to 
be seen on a hillside off which the soil is washed by wind, rain, 
and torrent, than on a plain. 

Exploration for Gold, Tin, etc.— Some of the minerals, 
such as gold, tin, lead, are found in recent deposits of gravel, 
such as old river-beds, having evidently been washed down from 
the higher ground. The usual mode of exploration is to dig up 
this gravel, and |)ut some in a “ pan ** with water ; then to pick out 
all the clean pebbles, leaving only the sand and mud; the muddy 
water is carefully poured off, leaving only sand; the lighter 
particles of sand are stirred up in the water and poured off; the 
residue at the bottom of the pan is then carefully examined to 
see if it contains gold There are many ways of working the pan, 
some depending on the supply of water. If gold is found, the 
gravel may then be washed more systematically and cheaply. 

Riyer-Deposits lead up to the Veins in the Hi^— If 
a mineral is found in river gravel, it seems almost certain that 
there must be a store of this mineral in the hills from which the 
river flows, so that the explorer naturally follows the stream up to 
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its source. It does not follow that it will be profitable to work the 
mineral as it lies in the solid rock. It may be that the auriferous 
or stanniferous deposit in the river-bed is the more valuable 
minCi because here the rocks have been broken up by natural 
agencies^ thus leaving to the miner only the work of sifting. It 
may be also that there has been in some cases a natural process 
of concentration (akin to the panning process), some of the 
detritus having a great deal more than its due proportion of 
metal, and other parts having little or none; thus it is possible 
that the digger, lighting on a concentrated deposit of ore in the 
ground, may get rich, but, on attacking the ancient rocks from which 
the metal has come, may find his latour altogether unprofitable. 

Case Vni.— Discovery of Veina— The miner in search of 
a mineral vein looks about for joints or cracks in the rocks, or 
for projecting knobs or reefs, because the vein, being composed 
of different materials to the rocks through which it passes, will 
probably be either softer or harder, more easily broken up or 
more enduring than the rocks on either side, which are technically 
called the “ country rocks ; thus it follows that the existence of 
a vein is often marked by a depression or fissure, or by a ridge or 
reef. Very often the vein is distinguished by colour from the 
country rocks ; a quartz vein (containing gold) is white, so also is 
a calc-spar vein (containing lead and silver). 

Having discovered a mineral vein, some portion must be 
broken off by wedging or blasting. On a clean surface of vein- 
stone the mineral may often be seen ; lead ore may appear in 
great masses, and so may copper ore and other minerals ; gold 
is often visible in specks, sometimes very minute ; if the gold is 
invisible, the veinstone will have to be crushed and assayed The 
same observation applies to tin, which is often minutely divided 
in a very hard rock. 

Case IX. — In this case veins have been already discovered 
and worked in the district between A and B (Fig. 62). 'I'he veins 
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Fig. 6%,— Fima thowing three veins. 


run from west to east; a search is therefore made to see if the 
▼etns continue in the same direction. At the eastern tide of the 
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mountaia three very similar veins are found ; it is thought that 
they are very likely the same veins. Fig. 64 is a section on the 
line A B, showing the veins. 

Caae X. — Here there are four veins worked at the western 
side of the estate. Two of the veins run east and west, and two 
from south-west to north-east. Numerous excavations made show 
that they probably continue shown by the dotted lines on Pig. 



63. Subsequent workings in these veins show that they are 
inclined at angles of from 60® to 75® from the horizontal, and 
pass downwards through the killas into the granite, as shown in 
Fig. 65. 



Fig. 64.~Section on line A B, Fic. 65.~S<ction on line C D. Tk- allowing 

Fiij. Gj, jiiiowttig mineral vein*. veins crossing iwo formauous. 


Case XL — In this iron ore was accidentally discovered crop- 
ping out at A, and, being followed, a large deposit was found. 
Subsequently, borings were made as shown on the plan and section 
(P'igs. 66, 67). Some of these |>assed through the ore, and 
some did not; in this case the only rule to follow was to tore in 
the limestone. In some instances the limestone is overlaid wuth 
shale ; in that case the bore-hole will have to be so much deeper 
to pass through the limestone. 
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In districts where the ore occurs ia similar water>made 
caverns, the rule is to make the explorations in those strata 
irtiich are likely to have such caverns or large fissures. In some 
cases the deposits of ore are found to follow some wellomarked 
line of fault or fracture •, in other cases they follow some line of 



Fig. 66. — Plan showing iron-mine, and borings shown ® ; ultimate extent of iron ore 
pockets shown by dotted Uoes. 

upheaval, where there is no actual fracture or slip ; in still other 
cases it is difiScult to lay down any rule for guiding the explorer. 



Details of Methods of Exploration.— A good deal has 
been said in preceding pages about ascertaining the dip or 
inclination of the strata, and the proving of outcrops by digging 
and boring. The following paragraphs show in a little more 
detail how this may be done. 

Fig, 68 shows an excavation 9 feet deep, which exposes the 
outcrop of a seam of coal. On the surface of the coal is laid a 
ilxa^t-edge, and on that is put a clinometer, and the angle of the 
" lisresd. 
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Fig. 69 shows a clinometer. The arc is graduated in degrees. 
It may also be marked to show the dip in percentages (see Fig. 70). 



Fig. 68.--Sho«ring excavation to prove outcrop and (about 7!^, or about 
* in 7*). 


I in 100 is I per cent ; i in 50 is 2 per cent ; i in 10 is 10 per cent, 
etc; I in I is 100 percent Thus 45® would 
be marked 100 (per cent); 13 (per 
cent) ; 5°, 87 (per cent.), etc 

Fig. 71 shows how the dip may be 
obtained by means of a common mason’s 
level (either with a plumb-bob or a spirit 
level), a straight-edge, and foot rule. 

Fig. 72 shows how the dip may be 
ascertained by means of an excavation 
and bore-hole, and taking into account 
the difference in the altitude of the surface. 




< ^ 

Fig. 69.--C3iaoin«ter, scale one-ibird full une- 


Fir, 70 .— Part of quadrant, 
full si/e. The inner row 
of fibres are degrees; the 
middle row are percentages 
o( inclination for even num- 
bers ; the outer row for 
odd numbers. 


It is^ not always possible to ascertain the true dip by one 
observation ; it often happens that it must be ascertained from 
two observations, neither of which is on the line of greatest dip. 
Fig. yaa shows in plan two lines along which the dip has been 
observed ; C D, direction southeast 50*, dip i in to ; E F, direc- 
tion north-east 30°, dip i in sa These two lines must be plotted 
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on paper to scale, showing their direction and position correctly, 
'rhe lines F E and D C must then be prolonged till they meet 
in G. On the line G D must then be marked out a length of 10, 
G H (because the dip is i in 10), and on the line G F a length 
of 20, G I (because the dip is i in 20) ; G H and G I must be 
connected by the line H I, and a perpendicular to this line drawn 



Fig. 7 1. —Showing plumb>bob level, sphit-level, straight-edge, strata, and dtp 
(1 in 10, or 


from the apex G to K in H I ; G K is then the direction of the 
greatest dip, and represents the amount of dip. The length G K 
is 8J, and therefore the inclination is i in Sf, 

In a similar manner the true dip may be ascertained from 
the depth of three pits, represented in Fig. 72^ by the letters G, I), 
and F. It is first necessary to reduce the actual depths to their 

BORi HOLE 



Fif^. 73 »Show» outcrop and tndUution proved by cxcavatton and bore-hok. 


relative depths alnjve or below the sea-leveL Thus if G is 150, I) 
220, and F 250 t ards deep all down to the same coal ; if the top of 
G pit is 300 feet above the sea-level, D 360 feet, and F 390 feet, 
then 60 feet must be taken off D, and 90 off F, reducing tk 
depth of D to 200 yards, and of F to 220 yards. Then if 
the disunce between G D and G F is known, the rate of inclina. 
tion on those lines can be calculated, and the true dip set ottt 
in (be manner given in the first instance. 
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If the dip is ascertained by means of a clinometer and is 
recorded in degrees, the rate of inclination can be quickly ascer- 
tained by bearing in mind that it is equal to the ratio of the radius 
of the circle to tire cotangent of the angle of inclination. If, for 
instance, the radius is i and the cotangent of the angle lo, the 
inclination would be i in lo ; for an angle of 6® the (natural) 
cotangent is 9*5, and the incl^ation is therefore 1 in 9*5. 

For the geological exploration of a country it is necessary to 
have a map and plan showing the position of all trial holes, 
(juarries, outcrops, hills, rivers, etc. And it is also necessary to 
have the relative altitudes of all the places. The explorer must 



therefore either be himself a surveyor or he must have the 
assistance of a sun’eyor. 

In exj)loring for the first time a large new countr)-, a party 
is generally substituted for a single individual, and this pa^ 
includes competent surveyors. In civilized countries the mining 
engineer can generally obtain maps and plans on which he can 
mark with accuracy the mines, excavations, bore-holes, etc., by 
means of a few measurements from the nearest landmarks, such as 
fenc es, roads, rivers, buildings, etc. He must then, by the aid of 
a surveyor's spirit-level, take the relative altitudes of the mines, 
excavations, etc. It will facilitate his explorations if the contour 
lines are marked on the map — that is to say, lines following all the 
sinuosities of the hillsides, which throughout their length mark 
places of equal altitude above sea-level ; between each line the 
ground falls or rises say 25 feet These contour-lines are 
marked on some of the ordnance maps, and are of great service 
to the geologist 

As some of the leaders of this treatise may not be acquainted 
with the use of angles, the following pan^phswill be useful to them. 

The circumference of a circle is divided into 360 equal parts, 
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called degrees, written thus, 360“ ; each degree is divided into 60 
^ual parts, c^ed minutes, written thus, 60 ' ; each minute is divided 
into 60 equal parts, called seconds, written thus, 60". Any line drawn 
from the centre of a circle to its circumference is called a radius. 
Any line drawn across the circle from side to side through the 
centre is called a diameter, and is, of course, equal to twice the 
radius. Any two lines drawn from tl\p same point contain an angk. 
Any two lines drawn from the centre of a circle to the circumference 
contain an angle, and the size of the angle is measured by the 
number of degrees between the two lines on the circumference. 
Thus in Fig. 73 the two lines A B and A D contain an angle, C, 
which is measured on the circumference, and is there seen to be 
about 26^°, or more exactly a6® 34'. If from the point D (in 
the line A D) a line, D £, is drawn vertically to and touching 



the line A B, the line D E is called the sine of the angle C. 
That lart of the line A B which is between E and A is called 
the costne of the ang^e C. In the same way, sines and cosines can 
be drawn for any other angle not exceeding 90'’. When an angle 
has 90' it is called a rig/it angk ; the two sides of a right angle 
are perpendicular to, or square to, each other. That part of the 
line A B which is between E and B is called the versed sine of the 
an|;Ie C That part of the circumference which is between B and 
D IS called the are. If from B a line is drawn pcrpendicubr to A B 
until it meets the line A D produced to F, the line B F is called the 
tangent of the angle C, and the Ime A F the secant of the angle. 

If any number of degrees are taken from a quadrant, the 
number remaining to make np 90 are called the complement 
This complement has also a sine, ungent, and secant, which 
are called the corine, cotangent, and cosecant 'Diat part of 
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the radius which is equal in length to the sine of the complement 
is commonly called the cosine, as shown above (sec Fig. 73). 

If the line A D is taken to represent the inclination of a seam 
of coal, and the line A B the level line, then the arc measures the 
angle of inclination, and it is found to be 26® 34'. Then the 
line D E, which is the sine^ represents the vertical fall or rise of 
the slope A D; and the lin^AE, which is the cosine^ represents 
the horizontal length between the points A and D. Therefore 
the vertical rise or fall : horizontal length : : sine : cosine ; or 
horizontal length _ cosine 
vertical (rise or fall) *" sine * 

The value of this rule (the truth of which is self-evident) is to 
be found in the fact that the relative lengths of the sines and 
cosines of every angle from o® to 90® have been carefully calculated, 
and are given in every book of mathematical tables. 

If the reader has such a book, and will look under the head of 
Natural Sines, Cosines, etc.,” he will find a page headed “ 26®,” and 
under this figure he will find, rather more than halfway down the 
column, 3V ; opposite this latter figure, and in the column headed 
“ Sine,” he will find the figures 4472388 ; under the column headed 
“Cosine” he will find the figures 8944146. These figures represent 

, , . , t r L j cosine 8944146 

the relative lengths of the sine and cosme ; or ~ ^ • 

sine 447^3^^ 

or, striking out the last three figures from each, = — — = — ; that 

4472 I 

is to say, the horizontal len^h is twice as much as the vertical fall 
(or rise) ; or the slope is i in 2, or 50 per cent 

Instead of using the table of sines and cosines, we may calcu- 
late in anothet way. Assume that the line A F, or secant, represents 
the inclined surface ; then the line F B, or tangent, represents the 
vertical rise or fall, and the line A B represents the horizontal 
length between the points A and F. The line A B is the radius. 
Referring now to a book of mathematical tables, under the head of 
“Natural Tangents and Secants,” we shall not find the proportional 
length of the radius given, because it is always taken as one ; but 
under the head of “ Tangents,” and under the column “ 26°,” and 
opposite the figure 34 in column of minutes, will be found the 

figure 0 5000352 ; therefore ; or, leavmg out 


the last three figures, = ~ 0-5 “i ~ i”’ horizontal 

distance which is radius is twice the vertical distance which is 
tangent j or the slope is 1 in a, or 50 per cent (see p. 47 for use 
af cotangent). 
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In case there are no mathematical tables at hand, the angle 
may be marked out by a protractor. If there is no protractor at 
hand, a circle may be drawn with a bow-pen (or pair of com- 
passes), and divided 
mto quadrants ; each 
quadrant may be bi- 
sected, and then divided 
in 45 equal parts, each 
of which will be a de- 
gree. Another and an 
easier way is to draw a 
circle or part of a circle, 
and with the compasses 
open at the same length 
as radius, mark off chords 
on the circumference 
(see Fig. 74). A chord 
equal in length to the 
radius covers an arc of 60®; so that six such chords complete 
the circumference. Each arc, therefore, covers 60° ; if it is bi- 
sected, each division contains 30® ; this can easily be divided into 
three nearly equal parts each of 10®, and these again into single 
degrees. 

The slope being set out at the ascertained angle, 20°, as A B 
(Fig. 74), for the length of the incline, say 250 yards, represented 
by the length A B, then B C can be drawn vertical to A C the 
horizontal line, and B C and A C may then be measured with a 
scale, and are approximately 85 yards and 235 yards, or to find the 



Fig. 74. — Qrdc divided by chords. 


percentage; or, as 235 : 85 :: 100 : x; x = — ^ — - = 36; or the 

^35 ^ , 

slope is 36 per cent On looking at the table of tangents, it will 
be seen that the exact percentage is 36*39702. 

The equipment of the explorer should contain a good hammer, 
a magnifying-glass, a small bottle of acid to test for limestone, a 
clinometer, an aneroid barometer and thermometer to measure 
altitudes, a compass, a note-lx>ok, and a map. For detailed 
explorations, the services of stout bbourers with shovels, pick- 
axes, drills, blasting powder (dynamite, etc.), boring-tools, etc., 
will be required. 
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CHAPTER III. 

BORING : HAND, STEAM, RODS, ROPES, TUBES, FREE-FALL, 
DIAMOND, ETC 

Bore-holes are in many cases the best means of completing the 
exploration of mineral estates. 

A pit shows the ground more plainly, but in the majority of 
situations a pit cannot be sunk many feet deep before water finds 
its way in, and then the cost of sinking becomes too great for the 
purposes of exploration. Apart altogether from water, the cost 
of making a small hole from 3 inches up to 12 inches in diameter 
is generally very much less than the cost of sinking a large pit 
from 6 feet to 16 feet in diameter. The bore-hole may also be 
put down more quickly. 

Two Kinds of Boring. — There are two chief modes of 
boring. One is by a percussive drill, which chips the rock into 
small fragments, subsequently removed; and the other, by a 
rapidly revolving ring, which grinds the rocks into powder. Of 
the percussive method of boring there are many varieties. Of 
the grinding method there are only two varieties ; one of these 
is the diamond drill, and the other is a similar tool, but using 
hardened steel instead of diamonds. 

Percussive Boring — Various Methods. — The most com- 
mon method of boring in England for depths of from 5 to 50 yards 
(a method used in some cases for depths of several hundred 
yards) is by means of a steel chbel screwed on to iron rods, sus- 
{)ended by a spring-pole. The chisel is steel welded on to the 
end of an iron rod, making a total length of 18 inches. It is a 
single blade, for hard rock a cross-blade, as wide as the intended 
diameter of the hole, say from 3 inches up to 8 inches. Unless 
it is intended to go very deep, the holes are seldom started more 
than 6 inches in diameter. 

The rod varies bom { inch square up to i\ inch square ; 
I inch and t inch are common sires. The rods must be made 
of the very best quality of iron that can be obtained, so as to 
diminish tro chances of Gracture. They arc screwed together the 
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In case there are no mathematical tables at hand, the angle 
may be marked out by a protractor* If there is no protractor at 
hand, a circle may be drawn with a bow-pen (or pair of com- 

passes), and divided 

into quadrants ; each 
quadrant may be bi- 
sected, and then divided 
in 45 equal parts, each 
of which will be a de- 
gree. Another and an 
easier way is to draw a 
circle or part of a circle, 
and with the compasses 
open at the same length 
as radius, mark off chords 

^ on the circumference 

. (see Fig. 74). A chord 

equal in length to the 
radius covers an arc of 60°; so that six such chords complete 
the circumference. Each arc, therefore, covers 60® ; if it is bi- 
sected, each division contains 30° ; this can easily be divided into 
three nearly equal parts each of 10°, and these again into single 
degrees. 

The slope being set out at the ascertained angle, 20°, as A B 
(Fig. 74), for the length of the incline, say 250 yards, represented 
by the length A B, then B C can be drawn vertical to A C the 
horizontal line, and B C and A C may then be measured with a 
scale, and are approximately 85 yards and 235 yards, or to find the 
„ 8*;oo. 

percentage; or, as 235 : 85 :: 100 : x; x =— — • = 36; or the 

235 

slope is 36 per cent. On looking at the table of tangents, it will 
be seen that the exact percentage is 36*39702. 

The equipment of the explorer should contain a good hammer, 
a magnifying-glass, a small bottle of acid to test for limestone, a 
clinometer, an aneroid barometer and thermometer to measure 
altitudes, a compass, a note-book, and a map. For detailed 
explorations, the services of stout labourers with shovels, pick- 
axes, drills, blasting powder (dynamite, etc.), boring-tools, etc., 
will be required. 
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CHAPTER III. 

BORING : HAND, STEAM, RODS, ROPES, TUBES, FREE-FALL, 
DIAMOND, ETC. 

Bore-holes are in many cases the best means of completing the 
exploration of mineral estates. 

A pit shows the ground more plainly, but in the majority of 
situations a pit cannot be sunk many feet deep before water finds 
its way in, and then the cost of sinking becomes too great for the 
purposes of exploration. Apart altogether from water, the cost 
of making a small hole from 3 inches up to 12 inches in diameter 
is generally very much less than the cost of sinking a large pit 
from 6 feet to 16 feet in diameter. The bore-hole may also be 
put down more quickly. 

Two Kinds of Boring. — There are two chief modes of 
boring. One is by a percussive drill, which chips the rock into 
small fragments, subsequently removed ; and the other, by a 
rapidly revolving ring, which grinds the rocks into powder. Of 
the percussive method of boring there are many varieties. Of 
the grinding method there are only two varieties ; one of these 
is the diamond drill, and the other is a similar tool, but using 
hardened steel instead of diamonds. 

Percussive Boring. — Various Methods.— The most com- 
mon method of boring in England for depths of from 5 to 50 yards 
(a method used in some cases for depths of several hundred 
yards) is by means of a steel chisel screwed on to iron rods, sus- 
pended by a spring-pole. The chisel is steel welded on to the 
end of an iron rod, making a total length of 18 inches. It is a 
single blade, for hard rock a cross-blade, as wide as the intended 
diameter of the hole, say from 3 inches up to 8 inches. Unless 
it is intended to go very deep, the holes are seldom started more 
than 6 inches in diameter. 

The rod varies from | inch square up to i| inch square ; 
I inch and i inch are common sizes. The rods must be made 
of the very best quality of iron that can be obtained, so as to 
diminish the chances of fracture. They are screwed together the 
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jwMtewmmd*. There am two aets of shoulders at the 
tiPfiV «IM oreadi nw, on opposite ^es {see Fig. 75, i, a, 3, *3), 



Fic. 75.--Hand-boruie tools, x, single chisel; a, cross chisel; 5, rod; 4, sludger (6 ft.); 
5, screw-jointed tube ; 6, tube with outside collar ; 7, tube with flush joint riveted ; 8, 
tube with screw socket ; 8a. riveted socket joint; 0, grappicr (6 ft.); xo, reamers; ir, 
single cross-head; la, double cross-head; i3» fork; 14, key; 15, 16, core cutter and 
extractor; 17, spring-pole ; x8, windlass ; 19, legs and pulleys ; 20, hook to lift rods ; 21, 
temper screw ; 22, excavation and bole ; 23, rods ; 24, core-cutter ; 25, rods jointed with 
loose socket. 

By means of these shoulders the rod can be lifted or suspended. 

* These flush-jointed tubes are the same diameter inside and outside 
through the whole length of tubing. 
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The set of boring-rods consists of one chisel i yard long, rod i yard, 
rod I yard, rod 2 yards; the remaining rods are of lengths which 
under the particular circumstances are most convenient, say 2 yards, 
3 yards, 4 yards, 6 yards, or even more. The rod must not be 
longer than can be conveniently transported, handled, and sus- 
pended from the frame with the lower end above the bore-hole. 
Four yards is often a convenient length ; they are, however, often 
made in 2-yard lengths ; these can be screwed up into 4-yard or 
6 yard lengths as required. A loose socket-joint is shown in 
Fig. 75 (25)- 

The process of boring is as follows : If the hole is probably 
to be a shallow one— -from 3 to 15 yards — the bore-hole is begun 
with the chisel screwed on to the shorter rods without any pre- 
liminary work, simply putting on the ground a piece of plank with 
a hole in it, through which the chisel is passed ; the boring is 
made by two or three men. Rods are added as the hole gets deeper, 
up to a depth of 1 5 yards ; below that depth four or five men are 
required, and also a windlass and pulley frame, as shown in Fig. 
75 (18, 19, 22). After 30 yards a spring-pole or other contrivance 
is necessary to sustain the weight of the rods. Fig. 75a shows 
also a method of boring by lever instead of spring-pole, and also 
a windlass and frame. These frames are now often made of iron 
tubes or bars. If the hole is probably to be from 20 to 50 yards, 
it is started more carefully. It is a common practice to dig a pit 
6 or 7 feet in diameter and about 7 feet deep. The digging of 
this pit serves several purposes. In the first place, it can be done 
as quickly and cheaply as an equal length of boring at a depth 
of over 25 yards. In the second place, it clears away the loose 
ground at the surface, which might interfere with the boring. In 
the third place, it has the effect of additional height on the pulley- 
frame, just making a short pulley-frame available for drawing the 
rods in lengths of 4 to 6 yards. In the fourth place, the pit shelters 
the men from storms. 

At the bottom of the pit a smaller hole is hacked up with 
pick-axe and drill, into which an iron pipe can be placed (Fig. 75, 
22). This pipe may be from 2 to 6 feet in length (according to 
the probable depth and importance of the hole) ; the bore of the 
pipe, say 4 inches, is just sufficient to take the largest chisel that 
may be used. The pipe has a flange at the top end. It is placed 
vertically in the hole in the centre of the pit, and the earth is 
firmly rammed round it; the flange rests either on the ground or 
on a plank with a hole in it, through which the pipe is passed. 
The pipe now forms a permanent entrance to the hole and a 
vertical guide for the chisel. 

Above the pit is fixed the spring-pole (Fig. 75, 17). This is a 
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young larch tree about 30 feet in length. The butt end is placed 
between two stout posts, which are securely planted in the ground ; 
an iron pin about i inch in diametei passes through the posts and 
the pole, and so holds the pole down. At a distance, that may 
be varied from time to time, of say from 3 up to 8 feet, a block 
of wood is placed under the pole so as to raise the end of it 
that is over the bore-hole to a con^^enient height — say 10 or 12 
feet There is also a pulley-frame. For shallow borings the frame 
consists of three legs lashed together (or pinned) at the top, from 
which a pulley snatch-block is suspended. A windlass with 
a good hemp rope is also placed on one side and weighted down 
with stones. Fig. 75a shows a pulley frame, windlass, and 
balance-weight lever, sometimes used instead of a spring-pole. 



The boring is now begun. A couple of men take the chisel 
screwed on to the end of a rod, and, putting it through the pipe, 
strike it on the ground, turning it round between each blow; 
they also put some water in the hole to facilitate the cutting. When 
they have bored the hole about a half-yard they put on the cross- 
head, by means of which they can more easily lift and turn the 
rods ; ^ter boring another half-yard, they draw the rods, take 
off the short rods, and substitute a 6-foot rod, which with the 
chisel and cross-head make up a length of three yards ; when the 
bearing is another half-yard deeper, the half-yard rod is added at 
the top under the cross-head ; after another half-yard is bored, 
f jwd length is substituted, for the half-yard length, and so on, 
lldditions being so arranged as always to keep the cross-head 
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at the most convenient height for the men to handle. The depth 
of the hole is always known by the length of rods. As soon as 
the length of rods gets too, great for three or four men to lift 
with ease, the cross-head is suspended by a chain and swivel- 
hook from the end of the spring-pole. The weight of the rods 
bends the pole down; the chain is adjusted so that the pole 
holds the rods suspended just clear of the bottom of the hole. 
The men now press the chisel down to the bottom, and then lift it 
up assisted by the pole ; then, pressing it down again, they strike a 
smart blow with the chisel, turning the cross-head between each 
blow, so that with every eight blows they make the chisel turn 
completely round. 

After working for some time, varying from ten minutes to an 
hour, the bottom of the hole becomes choked with dirt or the 
chisel gets blunt; the rods are then drawn. This is done by 
means of the winch with a rope over the pulley. There is a claw- 
hook (Fig. 75, 20) at the end of the rope, which takes hold of the 
shoulder in the rod next below the cross-head piece By this the 
rods are lifted, then unhooked from the spring-pole, and lowered 
an inch or two on to a fork (Fig. 75, 13) placed over the hole, 
which supports the rods by the lower shoulder. Then the cross- 
head is unscrewed by the key (Fig. 75, 14) and removed; the 
rods are now lifted as high as convenient, and again placed on 
the fork ; the upper rods are unscrewed and reared up on one 
side of the pit or the pulley-frame. This operation is repeated 
until all the rods are drawn. 

When the chisel is drawn it must be carefully examined, 
because adhering to it will be the debris from the bottom of the 
hole, which will show the nature of the stratum in which the chisel 
is working. When some small bits of this earth have been found 
and examined, it will be at once apparent whether the stratum is 
sandy or clayey, light or dark, coal or stone ; whether it is hard 
or soft has been already ascertained by the men who were boring 
feeling the effect of each blow. Specimens of the stuff are to be 
carefully preserved and labelled. 

The sludger (sometimes called the cleanser or sand-pump) 
(Fig. 75, 4) is now screwed on to the rods and lowered down the 
hole. The lengths of rod have now to be screwed together again 
as in turn they are put into the hole, until the sludger rests 
upon the bottom. The sludger is often auger-ended, and in 
that case it is turned round so as to screw into the sludge ; it is 
also lifted up and down so as to force the semi-liquid sludge up 
through the valve in the bottom. The rods are then drawn again in 
the same way as when drawk^ the chisel. When the sludger 
reaches the top it is jj^r^€lL^^3^^>e^fefully to a trough, into which 
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the liquid contents are poured, the water being allowed to run off, 
and tne sludge carefully examined, and some of the solid portions 
picked out, and specimens of the semi-solid parts put on one side 
to dry. The examination of the contents of the sludger is the 
most critical and important part of the operation, as by it mainly 
the nature of the ground can be told ; and, the greater portion 
being in ihe form of sludge, the description of the ground has to 
be inferred, as it w obviously not identical with the pulverized 
material extracted. If the sludge is composed of sand, and if 
when boring the ground was found to be hard, it is evident that 
the stratum bored through was sandstone ; if the sludge is clayey, 
and the boring was hard, it is evident that the stratum was a hard 
shale or a hard bind ; if sand and clay are mixed in the sludge, 
the stratum is then a sandy bind or a sandy shale. The colour of 
the rock will be similar to the colour of the sludge, but there will 
also be fragments of the ground which will indicate its nature. 
The thickness of each stratum can generally be ascertained 
accurately, because, when the chisel passes from one stratum to 
another, some difference is felt by the man at the cross-head, and 
the depth of rods in the hole is then exactly noted. If the 
ground is not very hard the sludger will have to be sent down 
twice before the hole is clean. Then the chisel 
r is sent down again; a sharp one is sent down 

ft each time. 

y necessary to obtain larger speci- 

^ ! % mens of the ground through which a boring is 

>4 I made than the small bits that adhere to the 

^ chisel or are drawn by the sludger, and for this 

\V purpose a core-cutter is used. This cutter often 

V consists of a four-pronged fork. At the end of 

a chisel, as shown in Fig. 75 (15). 
instead of cutting the whole of the 
ground away, only cuts a ring, leaving a core 
m tV* anding up in the middle. A different kind of 

core-cutter, as shown in Fig. 75 (24), is some- 
times used ; this has more of a grinding action, 
twisting it round a circular groove is made. 

The core having been cut, the next process 
is to break it off and lift it up, using the core- 
extractor, as shown in Fig. 75 (16). The bell 
^ jg lowered over the core d; the wedge i 

against the core, thus 
breaking it off; the springs ^ help to hold the 
core in the bell whilst it is being drawn up. Another core- 
extractor is shown in Fig. 76. The cylinder a ^ is lowered 
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down over the core, the small steel-spring cutters b being forced 
back by the entering core ; the cylinder is now turned round and 
slightly lowered and lifted alternately so as to cause the points 
of the four steel cutters to enter into the lower part of the core c. 
The iron ring d is lowered down inside the cylinder and over 
the core and on to the top of the four steel cutters, forcing them 
against the core. The cylinder a is now jerked upwards, and the* 
core broken off and drawn to the top. In order to get a good core 
by this process it is necessary that the hole should not be too 
small, and it would probably be of little use trying to get a core 
with these tools in a hole mnch less than 4 inches in diameter. 
When a core can be got, it gives much more satisfactory evi- 
dence of the nature of the strata than can be obtained with the 
sludger. 

Details of Apparatus for recording Direction and 
Angle of Dip. — In some cases the direction and the amount of 
dip of the strata can be ascertained from the core. Suppose, for 
instance, that when the core reaches the top of the hole it has not 
been turned since it was detached from the solid ground, then, if 
there are any lines of bedding in the sample, they may be noted, 
both as to direction and angle. But to avoid any error resulting 
from the turning of the core during extraction, it is sometimes 
marked before it is detached from the solid ground. A boring- 
* tool, the lower end of which is a ring on which is fastened a 
cutter at the outer edge, is lowered into the hole. This cutter is 
very gently struck upon the top of the core, the position of the 
cutter as regards points of the compass being noted at the time 
the blows are struck. When the core is subsequently withdrawn, 
the marked side is placed in the same direction as that in which 
the cutter was previously held. 

Speed of Borings. — ^When a hole is first started, with good 
men and good tackle, a boring in the coal measures, shale and 
bind, may be made at the rate of 12 inches an hour ; but after a 
depth of some 20 yards is reached, the speed is much reduced, 
owing to the time required for drawing and lowering the rods. It 
is evident that the time thus occupied will increase with the depth 
of the hole, so that in deep bore-holes the progress is very slow, 
no matter how easy to bore may be the stratum, and with such 
apparatus as has been described the speed of boring would be 
quickly reduced to 12 inches in 24 hours. 

Machine-Boring. — In order to increase the speed of boring, 
steam machinery is employed and other methods adopted to save 
time. If a high pulley-frame is used, a long length of rods can 
be unscrewed at once ; thus if the pulley is about 70 feet 
above the platform, 60 feet of rods can be detached at once^ 
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and this causes a great economy of time. If a steam-winch or 
winding-engine is used for raising and lowering the rods, and if 
the sludger is lowered and raised by a rope instead of rods, there 
is a further economy of time; and if, instead of a spring-pole 
worked by men, a beam worked up and down by a steam-engine 
is used, a greater speed can be attained. With this improved 


apparatus the speed of boring can be quadrupled. Fig. 77 shows 
a boring-frame and machinery erected by 
M. Dru, a well-known engineer. A, 
/ \y/\ boring-rods; S, screw by which they are 

/ lowered as the cross-head h is turned 

LrC J round ; C, vertical steam-engine by which 

/ IaV \ movement is given to the beam ; E, lower 

/ /ll\\ \ stop-block used for giving a jar to the 

/ /mV Vw free-fall cutter; F, upper stop-block to 

/ /i»i\\\ \ prevent the rods descending too far; T, 

WT/r'''\pt horizontal steam-engine for working the 
/ //'''' W \ winding apparatus ; V, drum, and V, rope 

/ I iLnV \ raising and lowering the sludger ; Q, 
/ // \ ^rum, O, chain, and P blocks, for raising 

/ // \ lowering the rods ; M, housing to 

P*n/ permit work to be 

I \\\ -Vi I J carried on in winter. 

// 11 1 apparatus of this 

I \r» l^lod is suitable for 

• I W' holes varying in dia- 

I If, meter from 4 inches 

I 

I progress by the old 

/ / system of hand-boring 

U often exceedingly 

^ I perhaps not i 

M I mp inch in 24 hours ; with 

^ h. steam machinery it is 

Fig. 77 —Vertical section of boring-shed. obtain more rapid pro- 


gress. 

Fracture of Hods. — It is, however, at once apparent that 
if with a great length of rods, say 500 to 1000 feet, a rapid blow 
is struck, this will cause great vibration, a tendency to buckle, 
and a liability to fracture ; indeed, this liability to fracture is so 
great that it is almost certain to occur before very long. 

Sliding Joint. — ^To reduce this liability to iracture, a sliding 
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joint (Fig. 78) is often used. This joint may be from 10 to 20 yards 
above the chisel, the length of rods BB below the joint being 
made specially heavy and strong. When the rods descend and the 
chisel strikes the ground, the upper length of rods, A, do not 
cease their movement, owing to the sliding joint, and they descend 
until the beam suspending them has completed its stroke, and 
thus the shock of contact wi^h the rock at the bottom is avoided 
On the upstroke the collar suspended by the fork F from 
the rods A, catches against the projecting cross-head M on B, and 
so the cutter is lifted again. 

Free-fall Cutter. — Whilst the sliding shears save the rods, 
it is not altogether satisfactory, inasmuch as the speed with 


Fig. 81. 

A 



Fig. 78. — Figs. 79, 80.— Kind's dis- Figs. 81-84 — Fabian’s dis- 

Sliding cnga>;ing apparatus for cng.aging apparatus for 

joint. free-fall cutter. free-fall cutter. 


which the chisel strikes the bottom is no greater than the speed 
of the whole mass of rods in the hole. To increase the speed and 
therefore the effectiveness of the blow, a free-fall cutter is used ; 
with this apparatus the lower length of rods and the chisel are 
lifted from the bottom of the hole a suitable distance, say 2 feet 
more or less. They are then disengaged from the rods above and 
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allowed to fall with the speed due to their gravity, modified' by the 
resistance of the water. This speed is much greater than that with 
which it is safe to move the bulk of the rods. After the chisel has 
fallen, the rods are lowered to take hold of the chisel and then 
lift it up again. Figs. 79 and 80 show the disengaging apparatus 
as used by Herr Kind, a well-known German engineer. A A 
are the lower length of rods to which the chisel is fastened ; a 
is the knob at the top ; R R are the jaws of a pair of nippers 
which turn the pins Q Q ; B B are the upper rods fastened to the 
boring-beam ; P is a piston rather smaller than the bore-hole, 
which is free to slide a short distance on the bore-rod B ; W is 
a wedge attached to the piston by the thin rods S. Two holes are 
bored in the wedge at an angle of 40° from the vertical ; through 
these two holes pass two rods N N, which are the upper levers of the 
nippers. If W is drawn up, N N are drawn together, and the jaws 
R R are opened, allowing the rods A A to fall. If W is lowered, 
N N are moved apart, and the jaws are closed, gripping the knob a. 
Suppose the rods in the bore-hole with the cutters suspended 
say 3 feet from the bottom, and the rods now rapidly lowered. 
The piston P, supported by the water, does not fall (except slowly) ; 
this draws the wedge W over the ends N, so opening the jaws and 
allowing the chisel to fall. The rods B B continue their descent 
until the jaws R R have come over the knob a. The rods B B 
are now moved upwards; the piston P does not move up on 
account of the resistance of the water and its own gravity, so the 
wedge W is forced down, so closing the jaws, gripping the little 
knob J, by which the lower rods and chisel are lifted. 

Fabian. — Another engineer named Fabian has a free-fall 
cutter as shown in Figs. 81-84. As in Kind's apparatus, the 
lower length of rods is very strong and heavy, with a cutting tool 
attached to the bottom. The upper rods A terminate in a bell 
or cylinder B ; the bottom of the cylinder is closed solid except 
for a hole E through which the lower rods C C can move ; at 
the top of C is a cross-head p (Figs. 83 and 84). Four slots in the 
cylinder fit each head p\ at the top of these slots they are 
widened as shown at N (Figs. 81 and 82) ; on the four seats thus 
formed by the enlargements the cross-head p can rest. Suppose 
the tool is suspended in the bore-hole, say 2 feet from the bottom, 
a sudden turn of the rods A from left to right will cause the cross- 
head P to slip off the seats at N and drop the length of the slot 
The rods A are now lowered till the cross-head is at the top of 
the slot, when they are turned from right to left, catching under 
the cross-head P, which is thus lifted ready for another stroke. 

Dru. — This diseng^ng apparatus (see Figs. 85-88) is used 
with a machine which is shown in Fig. 77. l*he upper rods A 
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Figs. 85 (side view), 86 (front view), boring-rod ascending and raising 
the tool. Figs. 87 (at moment of shock), 88 (tool falling), libera' 
tion of tool by shock at top of stroke. 


it causes a jar, and the cutting tool D (Fig. 87) jumps in the 
cylinder K, also the hook J, which has an enlarged eye and is 
thrown on one side by the inclined shoulder L (Fig. 87). The 
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hook H is thus free to fall, as in Figs. 86-88 ; the rods A con- 
tinue to descend till the hook J has re-engaged itself on the 
knob H, when it is again lifted. 

Arrault. — M. Arrault, of Paris, has an hydraulic slide-joint 
Fig. 89. (shown in Fig. 89). In this case the lower 



rods L have a piston, P, near the top ; which 
works in a cylinder, A A. The cylinder is 
suspended frob the upper rods U by the 
fork F. Suppose the rod suspended in the 
hole with the chisel say 3 feet from the 
bottom, the weight of the lower rods and 
the cutting tool will cause them to fall. This 
they do at first slowly, because the cylinder 
is full of water, and the piston fits the upper 
end rather closely; the water is, however, 
able to escape through the holes h h which 
lead from the lower part of the contracted 
portion of the cylinder to the top of the 
cylinder, so that the water can pass through 
these holes from the under to the upper side 
of the piston ; when the piston is past these 
holes it enters the enlarged portion of the 
cylinder, and thus can fall more rapidly. 
After the chisel has struck the blow, the rods 
U continue to fall until the contracted por- 
tion of the cylinder is over the piston ; the 
upper rods are then lifted, raising the cutting 
tool at the same time, because the piston 
can only move slowly through the con- 
tracted part The speed at which it can 
fall is regulated by the screws J J. nn are 
stuffing-boxes. Fig. 90 shows a section of 
the upper portion of the cylinder A. 

Bods. — For deep borings it is common 
to substitute wood for iron in the construc- 


Fic. 89.-FL?iii cutter: Thesc woodcu rods are 

hytouUc slide (Arrault).* made as lottg as the height of the pulley- 
tn i:yiin’. frame permits, so as to reduce the number 
der : n, stuffing-boxes ; of joints, and will be in lengths of from 30 
to 60 feet, and from 2^ to 6 inches square. 

wooden rod an iron fork 
Fialo— Ditto. ^Scrticm is boltcd or rivctcd on ; this fork is formed 


across xy. 


at the end mto a rod with a screw, by means 


of which it can be joined to the next rod (see Fig. 91). In order 
to prevent the rods unscrewing if they are turned the reverse way, 
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a locking-clamp is put over the joint (see Fig. 91). Since the wood 
is lighter than water, its buoyancy tends to support the weight of 
the iron joints, and thus the dead weight suspended in the hole 
and the strain upon the rods are 
reduced. In order to save time 
in raising and lowering the sludger, 
this is frequently done by means of 
a rope and steam winding-en§;ine, 
the rods being only used for bor- 
ing, core-drawing, and for lower- 
ing lining-tubes. To reduce the 
vibration of the rods in large 
holes, a lantern guide is used (see 
Fig. 92). 

Rope Boring. — Instead of 
rods, a rope is sometimes used. 

Perhaps the best example of rope 
boring is the method practised in 
the Pennsylvanian oil regions, 
where bore-holes varying from 
1000 to 2500 feet in depth are 
frequently put down. The ap- 
paratus used in this process is 
shown in Figs. 93-98.^ The 
motive power is supplied by a 
steam-engine. The boiler is gene- 
rally situated some distance away, 
say 50 yards or more, and the fire 
is frequently maintained by gas 
piped from some neighbouring bore-hole. A belt from the engine 
(Fig. 93, A) drives the machine at the top of the bore-hole. A 
length of rods 62 feet, weighing 2100 lbs. (Fig. 96, A) is attached 
to the end of a hemp rope and lowered to the bottom of the 
hole ; the rope is then clamped to a cross-head, C (Fig. 96), sus- 
pended by chain and swivel from the end of the beam. The 
beam lifting the rope up and down causes the chisel to strike the 
bottom of the hole by its own weight, a sliding joint, called 
“jars,” J K (Fig. 96), allowing the rope to descend after the tool 
has reached the bottom, thus keeping the rope straight By 
means of the cross-head the chisel is twisted between each blow. 
As the hole is deepened, the temper-screw B (Fig. 96) is untwisted, 
so lowering the cross-head and clamp D to which the rope is 
attached. When this screw has been run out, the clamp is 

* Figs. 93-98 are taken from the report of the Second Geological Survey of 
Pennsylvania. 
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slackened, the screw is run up again, and the clamp tightened 
again 3 or 4 feet higher up the rope. The tool is withdrawn by 
the drum D (Figs. 93--9S), driven by the steam-engine; and the 
sludger is attached -to the end of the 
sand-reel line. The sludger is here 
called a sand-pump, and contains a 
pump-bucket as well as a clack, som^e- 
what similar in principle to that shown 
in Fig. loi. A few strokes of the 
bucket fill the shell with sand or sludge, 
which is then withdrawn ; this opera- 
tion may be repeated several times to Fig. 93 
clean the hole. The work is carried 
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from the ground. The method of lining the holes with iron 
tubes is shown in Fig. 97. 

In this case the upper part of the hole i& lined with 8-inch 
pipes driven through the soft ground into the bed of rock below. 
The hole is then bored 7|- inches in diameter, and down this are 
put pipes si inches internal diameter. The bottom of these pipes 
has a sharp cutting edge, whieh, when driven fast into the strata, 
may make a water-tight joint, so that the water met with in the 
upper part of the boring will not find its way into the hole. In 



Fig. 96. — Tools used in drilling oil-wells. At rods and chisel ; Bt temper screw ; 

C, cross head ; D, rope clamp ; /, jars ; JC, section of jsurs, J ; a. sinker bar ; 
ht auger stem ; rope socket ; e, ring socket ; ft club bit ; /*, edge view same ; 
gt reamer ; jft bottom view same ; A, centre bit ; A', side view same ; r, reamer ; 

A bottom view same ; m, winch. 

order, however, to make sure, the s|“inch tube is surrounded near 
the bottom with a bag several feet long filled with flax seeds, this 
bag being lowered with the tube to which it is tied fast at the 
top and bottom. After a time the flax seeds swell and compress 
the bag against the ground and the pipes, thus helping to make a 
water-tight joint. A third tube of 2 to 3 inches bore is lowered 
nearly to the bottom uf the hole. At the surface a cover is 
fixed on to the 5|-inch pipe, and the small pipe passes through 
a gas-tight joint. Gas can pass up between the small pipe and 
the s|-inch pipe, and can be conveyed away to be burnt by 

F 
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branch tubes ; the centre pipe, which is the oil-pipe, has also a 
delivery branch. When first the hole is bored, the pressure of 
the gas forces the oil out through the small tube, and it is 
conveyed by pipes to tanks. As the supply of oil gets less, it 
is often necessary to put down pumps, as shown in the figure. 
A small clack-valve is placed at the bottom of the internal tube, 
a small bucket works above it, the top of the bucket-rod works 



Figs. 97, 98.— American rope-boring : lining of holes. 


through a stuffing-box at the top of the tube, and the oil is 
pumped up. When the supply of oil gets still shorter, the bottom 
of the hole is sometimes enlarged by means of a torpedo. This 
consists of a long tin tube containing say 40 quarts of nitro- 
glycerine, more or less ; at the top of the tube is a large percussion 
cap and hammer. The tube is lowered into the hole by a cord, 
and when it has reached the bottom an iron weight is dropped 
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down the shaft, which hits the hammer and so explodes the 
torpedo. This has the effect of enlarging the bore-hole at the 
bottom and increasing the flow of oil to the hole. 

Plat Ropes. — In England and on the Continent flat ropes 
have been used for boring, and have some advantages. One 
of the best-known methods of boring with flat ropes is that of 
Messrs. Mather and Platt. Their boring apparatus will be under- 
stood on reference to Figs. 99 and 100. The steam is brought from 
some boiler to operate two separate engines ; one of them, D, is 



the winding-engine, by means of which tools are raised and 
lowered ; the other, H, is the boring-engine, by means of which 
the rope is raised a sufficient height for each stroke of the boring- 
tool. The tool B and also Fig. 100 is a heavy steel or iron bar; 
at the bottom are fixed some steel chisels, the number depending 
on the size of the hole, say eight or more. When about to work the 
tool, which has been lowered to the bottom of the hole, the clamp 
J is fastened, holding that end of the rope tight ; steam is then 
turned into the boring-cylinder, which raises the piston-rod, carry- 
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ing above it the pulley G. It is evident that^ if this pulley is raised 
X foot, die tool suspended in the hole must be raised 2 feet, 
because the rope on the other side is made fast by the clamp ; 
by opening a valve the steam escapes from under the piston, 
which then drops, and the tool, which falls twice as fast as the 
piston, strikes a smart blow at the bottom of the hole, the hard- 
ness of the blow being regulated hf the height to which the tool 
is lifted, the engine-driver being able to regulate this by siiecial 




valve-gearing (the valves work automatically). An ingenious 
device is employed for twisting the tool between each stroke; 
this will be understood on reference to Fig. loo. The sliding 
collar J has a toothed edge top and bottom. On raising the rope 
this sliding collar fits into a fixed collar at the top of the boring- 
bar, the lower edge of which has a corresponding set of teeth ; on 
lowering the rope when the tool strikes the bottom, the sliding 
collar descends, and the lower set of teeth on the lower fixed 
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collar become engaged, but in order that they may fit together 
the sliding collar receives a slight twist ; upon raising the collar the 
uoper teeth now engage in the teeth above, but not in the same 
teeth as before, the collar having turned one tooth, thus putting 
a slight twist upon the rope. When the weight of the tool is 
lifted from the ground, the tension due to this weight tends to 
untwist the rope and slightly to turn the tool as it is held in 
suspension, so that when it stnkes the bottom of the hole it cannot 
strike in precisely the same place as before. To cleanse the hole 
the sand-pump is used (Fig. loi) in a similar manner to that 
already described in round-rope boring. With this machine holes 
varying in diameter from 8 inches up to 2 feet have been bored, 



with varying success. It would appear, however, that in hard 
ground there is some liability to fracture. 

Hollow Bods. — In place of solid rods, hollow rods made of 
steam tubes screwed together are sometimes used, the chisel being 
attached rigidly to the rods, down which a stream of water is 
pumped (Fig. 102). The water, issuing from the rods just above 
the cutting chisel, returns outside them, and carries with it the 
sludge and gravel made by the chisel ; the sludge is deposited in 
a can, from which the water flows at the top, and by con- 
tinual observation of the deposit brought up by the water the 
nature of the strata can be gathered. By this method of boring 
it is only necessary to draw the chisel when it is blunt It is 
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not, however, largely practised, and it is only suitable for soft 
ground. 

Broken Bods. — In case the rods should break, a grapnel is 
used to extract the portion remaining in the hole. Fig. 75 (9) 
shows a simple kind of grapnel used for the ordinary iron rods. 
It is a tube about 5 feet long, open and bell-shaped at the 
bottom, with a screw at the top by which it is attached to the 
rods; inside the tube are four steel blades which spring from 
the sides near the bottom. To extract the broken rods this 
tube is lowered until it passes over the broken end of the rod, 
which rises up inside the tube until the broken end has reached 
the top; the tube or grapnel is then raised until the steel 
blades catch against the shoulder on the broken rod, beyond 
which they will not pass, and the tube cannot now be withdrawn 

from the hole without either a 
fracture of these steel blades 
or else raising the broken 
rod. There are many forms 
of grapnel 

Wolffs Grapnel— This 
grapnel is designed to catch 
hold of a broken rod, but is 
so constructed that, if it is 
found impossible to withdraw 
the rods which it has seized, 
they may be unfastened, and 
thus the upper length of rods 
can be withdrawn, which 
otherwise would be impos- 
sible if they were held fast by 
the grapnel to the broken rods 
below, which, in their turn, 
were jammed fast in the hole. 
Fig. 103 shows this grapnel.^ 
B B is a bell-mouth suspended 
by the fork d d and the nut e 
from the screw f, the thread of 
which is turned in the lowest 
boring-rod ; r r are steel jaws with sharp teeth slanting up, kept 
apart by the piece of wood and suspended from the rod ^ by the 
collar P. When B is lowered over the end of a broken rod, //, the 
wood is pushed out by the rod, and the jaws spring together upon 
the rod, and if the upper rods are now turned round, the jaws and 
the bell are prevented from turning, consequently the nut e is 
^ J. C. Jefferion, Midland Institute of Mining Engineers. 
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lifted and the bell B is drawn up and compresses the jaws, so that 
they hold the rod firmly. In order to relax this grip the rods 
must be turned the other way ; then the nut e will be lowered 
and the bell with it Other tools for recovering broken rods are 
shown in Fig. 104, and in Fig. 105 is shown the application of 
the hook-grappler. 

Parachutes. — In boring deep holes it sometimes happens 
that, in withdrawing the rod^ by some accident they are allowed 
to fall ; if they had to fall a great distance before 
striking the bottom, the result would be a disas- 
trous smash. Parachutes are therefore placed at 
intervals on the rod. These are pistons loose on 
the rods, sliding between two collars; they do not 
fit tight in the bore-hole, but 
leave space for the water to pass 
by them as they are raised up 
and down. When the bore-rods 
are raised, these pistons are sup- 
ported by the bottom collar; 
when the boring-beam goes down 
and the rods are lowered for the 
blow, they slide through the 
piston faster than it can fall with 
them, owing to the resistance of 
the water ; thus there is not much 
resistance to the working of the 
rods on account of these safety- 
pistons. If, on the other hand, the rods should be accidentally 
dropped, the pistons, catching against the upper collar and bear- 
ing against the water in the hole, limit the velocity of descent, 
and thus reduce the chances of breakage. 

Lining-Tubes. — When a hole is bored through soft ground 
the sides of the hole are apt to break off in places and encumber 
the bottom of the hole with debris. This is due partly to the rods 
occasionally knocking against the sides, partly to the wash of the 
water, and partly to the pressure of the ground itself upon a 
soft stratum, whether this be sand, gravel, or clay. To prevent 
this falling-in of the sides, it is necessary to line the hole with 
tubes ; these tubes have been made of wood, copper, zinc, cast 
iron, and wrought iron, and perhaps of steel. Wrought-iron tubes 
are those that have hitherto been chiefly adopted ; these are some- 
times made with a longitudinal seam riveted, but for small holes 
a welded seam is now generally used ; the joints at the end of 
each tube are sometimes riveted and sometimes screwed (see 
Fig. 7s). When riveted joints are used, the rivet is lowered 



Fig. io4.~TooIs for 
recovering broken 
boring - etc. 

a, claw; b, screwed 
socket. 



Fig. 105 —Appli- 
cation of hook- 
grappler. 
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from the top of the last tube by means of a wire (see Fig. io6), 
and by means of a hook is pulled through the rivet-hole. When 
the rivets have been all placed in position, a metal block some- 
what tapered (see Fig. 107) is lowered 
down inside the tube until it presses 
tight against all the rivet-heads inside, 
which are then riveted over cold on 
the outsiSe; these riveted joints are 
sometimes slightly tapered (see Fig. 
75, 8 a), so avoiding the use of a collar. 
Sometimes an outside collar is used 
(see Fig. 75, 6), and sometimes a 
flush-joint is preferred (see Fig. 75, 7). 
Where the joints are screwed, there is 
sometimes an outside collar (see Fig. 
75, 8), and sometimes there is a flush- 
joint (see Fig. 75,5); where there is a 
flush-joint the middle of the tube must 
be thick enough to have nearly half 
turned down before it is threaded, and tlierefore it requires to be 
nearly twice as thick as where there is an outside collar. This 
system of flush-jointed tubes is therefore more expensive than the 
other, but it is often more convenient, because, in lowering the 
tubes down the hole, there are no external projections to catch 
against the sides of the hole, and in case the tubes should have 
to be withdrawn — an operation which is sometimes done — there 
are no projections to hinder. 

Reduction in Diameter of Hole.— It is evident that, if 
a lining-tube has been placed in the hole, the next boring-tool 
introduced must be smaller than the original one, and this reduc- 
tion in diameter can hardly be less than f inch, while it may 
sometimes amount to i J inch ; therefore the introduction of two or 
three lining-tubes will redute a hole of moderate size to a diameter 
which is too small for practical purposes. For this reason, if the 
hole has to go a great depth, it must be started of such a diameter 
that numerous linings may be introduced, and still leave a suffi- 
cient diameter for further boring; thus if a hole was started 
12 inches in diameter, six lining-tubes might be introduced, and 
still leave a hole 6 inches in diameter at the bottom. And very 
deep holes, that is to say, holes of 2000 feet and upwards, should 
not be started less than about 18 inches in diameter. Of course, 
if it is known at the outset that sands and very soft clays will be 
met with near the surface, a still larger diameter might be adopted. 

It frequently happens that the necessary number of lining- 
tubes has not been foreseen, and that the hole has been already 



Figs. io6, 107. — Method of riveting 
tubes. 



BORING : HAND, STEAM, RODS, ROPES, ETC 73 

reduced so much that it cannot be carried further if additional 
lining- tubes are introduced, and it becomes desirable to drive 
the last set of lining-tubes further down the hole. To make this 
possible, it is necessary to rime out the hole. Numerous kinds 
of rimers have been made, some consisting of curved chisels with 
sharp sides opening by means of a spring. 

The kind of rimer made by Kind is shown in Fig. 108. In 
this case the cutter is made df two pieces of steel hinged on the 
pin with shoulders, rt, on which 
is formed the cutting edge. The 
cutters can be closed together as 
shown in Fig. 108, or they can be 
opened out as shown in Fig. 109. 

This is effected by means of the 
wedge c, which is drawn up by the 
cord opening out the chisels to 
the distance permitted by the link 
A. By means of this or smaller 
tools the hole may be enlarged. 

It is evident that this form of 
chisel leaves a shoulder of rock, 
supporting the tubes. In order to 
remove this shoulder, a similar tool 
to that shown in the figure is used. 

But the cutting edge b is formed to 
cut upwards, as shown by the dotted 
lines in Fig. 109, so that by jerking it 
upwards the shoulder e is cut away. 

Diamond Drill — The dia- 
mond drill is an example of the 
process of boring by grinding in- 
stead of percussion. The diamond 
is the hardest or one of the hardest substances known, and is 
much harder than any rocks through which borings have to be 
made, and therefore, if a diamond is pressed against any other 
substance and then moved along the surface of this substance, 
it wdll scratch it There is a species of diamond which is of no 
value for ornamental purposes, and is therefore much cheaper 
than the brilliant ; it is this dull kind of diamond which is used 
for boring. Fig. no shows the apparatus. Fig. in is the boring 
head or crown, which may vary from 2 inches up to 18 inches 
in diameter. This is a ring of steel, with shallow holes dove- 
tailed as shown by the black marks ; into these holes the 
diamonds are placed surrounded by some soft metal, and then 
the metal is hammered over them, completely enclosing the 



Figs. io8, 109. — Widening borers 
cutting down and cutting up. 
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Stone, all excepting one slightly projecting point or corner. 
This boring-crown is screwed into the end of a long length of 



no.— Diamond drill macbmcy front elevation. 
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Steel tube (Fig. 112). At the surface the tubes are gripped in 
a tube, Q Q (Fig. no), which has on the outside a rib or 
feather; this feather slides vertically in a collar, which is 
fastened to and made to revolve by the bevelled gearing B. 
The upper part of the boring-tube is con- 


nected by water-tight and swivel joints U ^ 

with a hose-pipe connected with a force- 
pump, P ; by means of thil pump water g j 

is forced into the interior of the tube, 0 \ i \ 

and down to the bottom of the hole, ^ ! 1 1 ^ 

where it issues underneath the boring- 
crown. When the engine is started, the ^ 

boring-rods revolve at a 7. 

speed of perhaps 200 or ^ ^ |j| ^ 

300 revolutions a minute, ^ 

and as they are a great ^ ^ % 

weight they force the dia- ^ a ! 

monds against the rocks, j « j 

which are abraded ; at the \ i| 

same time the water, issu- 
ing from the internal tube, 

carries away the sand that fig. na.-Core-extractor. 

is made, keeping a clean 

surface against w^hich the diamonds can act. The tubes are free 
to slip down inside the outer collar, and thus are continually 
pressing at the bottom of the hole as it becomes deeper. When 
the tubes have fallen the length of the outer collar, the gripping- 
tube is undamped from the boring-rods and raised up to the top 
of the outer collar, when it is again clamped, and fresh rods are 
added at the top as the bore-hole gets deeper. As soon as the bore- 
hole gets a considerable depth, the weight of the rods becomes too 
great to rest upon the diamonds without causing too much friction ; 
this weight is reduced by balance-weights. Wire ropes or chains 
from the balance-weights pass over pulleys R, and are connected 
with a loose collar, H, fixed on the gripping-tube, within which 
it is free to revolve, but by which the weight of the rods is 
supported. The deeper the hole, the greater the balance-weight 


Fig. 1 1 2.— Core-extractor. 


required. 

Corea— As the boring-crown only cuts a ririg, the centre part 
remains and forms a core, which passes up inside the 
rods. The lower part of the rods are called a core-tube, and this 
tube is sometimes of sufficient length to admit a core of 20 feet, 
and is usually of larger diameter than the rods above ; but in 
order that the core may be withdrawn at the same time wim 
the rods, it is necessary that there should be some kind of grip 
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or grapnel inside the core-tube. This is made in the following 
manner : Three vertical grooves at opposite sides of the core- 
tube are cut with an incline so that the depth of the groove is 
less at the bottom of it than at the top, a a (Fig. 1x2). Into each 
of these grooves is placed a sliding block of steel, b with serrated 
edges inside ; these blocks press against the core, and are lifted 



Fig. 113.— Diamond boring*dnll. 

up by it, as it enters, towards the top of the groove, where, owing 
to the greater depth of the groove, there is room for the core to 
pass. If now the core-tube is raised, and the movable blocks, 
catching against the core, remain stationary, the inclined surface 
of the groove will press them so tightly against the core, that by 
the time the bottom of the groove comes against them and forces 
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them up, they will also break off the core from the bottom, and 
bring it up inside the tube (a split ring is sometimes used instead 
of separate pieces). 

This method of boring is particularly applicable to hard rocks, 
and is nowadays generally employed in such ground. In rather 
tender ground, such as is common in the coal measures and in 
the New Red Sandstone fornaation, borings have not always been 
successful, because the core has been shattered by the shaking of 
the drill, and then carried away in the form of sludge ; the nature 
of the sludge has escaped detection, and a bore-hole has been 
known to pass through a good seam of coal, unknown to those 
in charge. In order to get good cores in the coal measures, the 
hole should not be less than 6 inches in diameter, and must there- 
fore be started at a still larger diameter. A special core-holder 
is made to protect the core, and has been used with good results. 

0 

Fig. H4. 


3 

Fig. * 15 - 

Fic. X 14.*— Boring head. Fig. 115. — Core bit. Fig. 1x6.— Safety-clamp. Fig. 1x7. — Lifting- 
jack. Fig. X 18.— Bayonet clutch coupling. Fig. 1x9.— Core-lifter. 

This core-holder has an internal tube round which the boring 
crown revolves, the internal tube remaining stationary ; the water 
from the boring-rods passes down between the internal and the 
external tubes ; the core is thus saved from direct contact with 
the revolving tube and the stream of water. At the top of the 
internal tube are some holes through which the water escapes as 
the core rises up. 

A similar machine (see Fig. 113) is used in the ironston^ 
mines of Michigan, U.S.A., for prospecting. This machine is 
taken into the mines, and bores a hole through the rock at any 
angle that may be desired, vertical or inclined, either at an angle 
of 45'' or level. The head A (Fig. 113) revolves, and can be 
clamped at the desired angle. On the machine is a winding-drum, 
B, which the rods can be raised or lowered. Fig. 114 is a 
boring-crown, which grinds all the stone away. Fig. 1 15 is a core- 
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fcutter. Fig. 116 is a clamp by which the rods are held In the 
hole, when being jointed or unjointed. Fig. 117 is the clamp- 
hook with which they are lifted. Fig. 118 shows the joint by 
which the rods are attached one to the other. This joint saves 
the time required for screwing and unscrewing, one quarter-turn 
being sufficient to make a fastening. Fig. 1 19 is a core-lifter. 

Choice of Method. — In deciding upon the system of boring 
to be adopted, the purpose of the hole has to be considered. 
For exploration purposes it is very important to get good cores. 
For the purpose of a well, whether for oil or water, the cores do 
not matter; it is only necess^ to get the hole down quickly 
and straight. In many exploring holes cores are required of the 
whole of the boring ; and in many others only of a few places, 
the position of which is known approximately beforehand. 

Cost of Boring. — ^\Vith regard to the cost of boring, this 
vSiries so greatly with the nature of the ground and the wages and 
skill of the workmen, that it is difficult to say beforehand. There 
is also the element of profit and loss on the part of the con- 
tractor. When boring by hand, with a spring-pole or a balance- 
beam, such prices as the following are sometimes paid in ordinary 
coal measures : For a hole starting at 3 inches in diameter, the 
contractor finding his own boring-rods and tools, but not the 
spring-pole or windlass : for the first 5 yards, $s. 6d, per yard ; 
for the second 5 yards, 7^. 6d, per yard ; for the third 5 yards, 
9 ^. 6d. per yard ; and so on, rising 2s, per yard every 5 yards. 

A simple rule for calculating the average cost per yard is, 
calling D the depth in yards, and x the average cost per yard — 

^ X 2 + 5 = X 

* X 5 

equals cost per yard in shillings ; and the total cost = at x D. 

In the case, therefore, of a hole 105 yards deep, the cost is 
found as follows : — 

££ 1^5 X 2 + 5 = 25 
2x5 

the cost per yard in shillings, and the total cost = loo x 25 

= ;^I2S. 

If the hole is 305 yards in depth — 

~ X 2 + S = 65^. 

2X5 

total cost, 305 X 65^. = ;£gj 6 ss. 

It thus appears that a hole 300 yards deep is about eight 
times as costly as one 'too yards deep, and costs, in fact, ra^er 
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more than a foot In various districts the price may be 
a little more or a little less. In the American oil-wells, the holes 
are put down very cheaply ; but then very few samples are taken 
of the strata bored through, and the cost per foot is, for labour, 
only from 2S. a foot as a minimum up to 4s. a foot as a common 
figure, and four or five times that amount in some cases. The 
cost per foot in the American copper and ironstone districts is 
also very moderate. With a diamond drill giving a core inch 
in diameter, and for distances not exceeding 300 or 400 feet, it 
is about 5r. 6^. a foot, including all costs except steam-power. 
The costs of some bore-holes on the Continent are given by Mr. 
J. Clark Jefferson, in a valuable paper read before the Midland 
Institute of Mining Engineers, in 1878. 

Table VI. shows a summary of the cost of some bore-holes in 
Europe and America. 

It is probable that diamond boring can now be done at a much 
less cost than in many of the earlier cases, great experience having 
been attained in the manipulation of the tools, and in the im- 
provement of the hollow rods, core-tube, etc. ; and holes can 
probably.be put down at the following prices : surface to 1000 
feet, say per foot ; 1000 to 1500 feet, lor. per foot; 1500 
to 2000 feet, ;^2 105 . per foot ; 2000 to 2500 feet, per foot. 
These prices would include the extraction of cores. 
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CHAPTER IV. 

winning; or, mode of approaching the mineral. 

After exploring any estate, and having decided to proceed to 
get the minerals, the next question is to choose the best method 

This, perhaps, will be 
most clearly explained 
by considering a few 
examples. 

Fig. 120 shows a 
very simple case of 
Irequent occurrence- 
several seams of coal 
lying in horizontal 
beds, and cropping out 
on the side of a hilL 
A drift or heading is made straight into the coal, and con- 
tinue^ as required, across the estate; the mineral from the 
workings is lowered down to the railway or canal at the bottom 
of the hill by means of self-acting inclines. 

Fig. 12 1 shows a seam of coal inclined, cropping out near 
the top of a hillside. A heading is made into the coal, going 

downhill in the seam. This, 
however, is soon stopped by 
water, and a level drift is driven 
in from the lower part of the 
hillside, just above the river, 
across the measures, until it 
reaches the seam of coal; all 
that part of the seam which lies 
above this level drift is thus drained of water. A level drift is 
sometimes called an ** adit,"' or ** sough.” For the purpose of 
ventilation a shaft is sunk at B, and subsequently at A. The 
coil is drawn to the surface, up an incline, by an engine placed 
fMT die hillside. 

1 % 122 represents two seams of coal dipping under a hill 
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at a raodeilMle incliaatfo]^ and cropping out, one in the valley, 
and the other on the hillside. Two shalloirpts have been sunk 
on to the itppei^ uam, a pumping-engine beiqghaed to drain the 
cosi£ All m 'odri above the level where these shafts cut the 
stem having been exhausted, an incline drift is driven from 



the hillside down into the lower seam, which is found to be dry, 
and headings in the coal are driven to the dip, to the boundary 
of the estate, or as far as required. A cross-measure drift is 
driven up into the upper seam, and headings are thence driven 
In the coal The mineral is lowered down this cross-measure 



Fig. 133. — Section oC oonlHainet. Winning fenmt of moderate 
locluintioQ by shafts. 


drift b]r a self-acting incline, called a ‘‘jig/’ and is drawn up 
an engtne^plane in the lower seam and stone drift to the 
surface. 

Fig. 1*3 shows four seams of coal lying at a moderate incli- 
nation, two of them cropping out just above a Hide brook, on 
ground which rises to a height of too feet above the brook. Near 

o 
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the outcrop the coals have been partly worked by shallow pits ; 
on the “ dip ” side of the estate three shafts have been sunk to 
these upper seams. 

In order to let off the water, of which there is a large supply, 
a water-level is driven from the valley, at an inclination of afc^ut 
I in 600, to the pits, and all the water made above this level is 
thus drained. 

In order to reach the lower seam^, it is not necessary to deepen 
the pumping-pit, as much water is not expected below the second 
seam. The water from the bottom of this pit is pumped up to 
the water-level. The winding-pit and the upcast, or fan-pit, are 
sunk down to the third seam, and, at a later date, they will be 
continued down to work the fourth and other seams still deeper. 

Fig. 124 shows five seams of coal at a steep inclination, 
perhaps 12® to 50° from the horizontal Two shafts are sunk 
verticdly to such a depth as is convenient and attainable at a 
reasonable expense — say from 100 to 500 yards, as the case 

may be. From near the bottom of 
these shafts a stone head or cross- 
cut is driven level in both direc- 
tions, cutting across all the five 
seams. Headings are then driven 
on the level in three of these seams, 
which happen to produce the most 
marketable coal, and from these 
coal-levels workings are driven to the 
rise and, in some cases, to the dip. 

With the exception of the cases 
of open holes and ‘‘ bell pits,” 
referred to in another chapter, all stratified seams can be won by 
one of the above five methods. 

Fig. 125 refers to a metalliferous vein, which traverses the 
ground, dipping at an inclination of say 70® from the horizontal 
It crops out at the surface, and a pit, or shaft, is excavated in the 
vein, and is carried down deeper and deeper as long as the 
working of the vein is profitable, levels being started out of 
the shaA about every 20 yards and driven in the vein ; an adit 
is driven from the valley to cut the vein, and so let off the 
water. In some countries adits are of great length — upwards of 
12 miles. In the case of extensive mines, a vertical shaft is 
sometimes sunk, up which the minerals can be raised more quickly 
and cheaply than up an inclined shaft It is also convenient for 
raising and lowering the miners. 

Where the mineral does not lie in a vein, as shown in the last 
figure, but in great masses or lumps, it is reached by vertical 



Fig. 124. — Winning seams of steep io- 
cUnation by shafts and cross-cut. 
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shafts, or inclined shafts, levels, or open quarryings, according to 
the circumstances of the case. 

The unwatering of a mineral field is fi-equently the most 
expensive preliminary to working the minerals ; and, as above 
mentioned, water-levels have been driven upwards of 12 miles in 
length in some parts of Europe.^ On the occasion of a recent 



visit to the Forest of Dean, the writer was struck by the great 
•economy that might be effected in the working of the coal and 
iron mines in that district, by driving a level 2^ miles in length 
from the estuary of the Severn to the coal-field ; this level might 
afterwards be continued across the coal-field for a total distance 



FiCi. 'Forwi of Dean coal and irouj^tooc field, «*uh proposed 

water-level. 

of 6 miles. By this means the height to which the water would 
have to be pumped would be reduced at the largest pumping- 
station by 360 feet, and in the other pumping-stations by heights 
varying from 200 up to 500 feet Not only might this economy 
be effected, but if the rights of the mill-owners on the rivers were 

‘ Scbemiiiu, Maoatieid, Clausthal 
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bought up, water might be taken down the shafts to work 
hydraulic machinery, as the new tunnel would form an efficient 
tail>race. The mines in this district are let by the Crown, which 
would, therefore, at. first sight appear to be the most suitable 
authority for undertaking this important work. A section illus- 
trating this suggestion is given in Fig. T25a. 
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CHAPTER V. 

SINKING AND SINKING MACHINES, TUBBING, WALLING, QUICK- 
SAND, PNEUMATIC, FREEZING, KIND-CHAUDRON, BTC 

Site of Colliery. — In choosing the site of a collieiy there are 
two sets of considerations — those referring to the surface and 
those referring to the minerals. Taking the surface first, the pit 
would be conveniently placed near a railway, or canal, or high- 
road, by which means of conveyance the produce could be 
despatched, and machinery and materials brought to the mine ; 
on the other hand, a colliery might be most conveniently situated 
on that side of the estate where the minerals are deepest, because 
with a pit sunk at that point the pumping-engine in that pit would 
drain the whole estate of water, and it would be unnecessary to 
. employ hauling-engines to drag the coal to the pit-bottom, as the 
coal could be brought to the shaft either by gravitation or by 
horses. It might, however, happen that the place suggested by 
mineral considerations might be on the top of a high mountain, 
or separated from the railway by a broad river, or by some strip 
of land over which there was no right of way, or some other 
impediment might exist which would overrule the mining con- 
siderations. Supposing, as far as the surface is concerned, it is 
a matter of comparative indifference where the shafts are sunk, 
then, in the case of a large estate, it is generally best to sink the 
pits as near the centre as possible ; as there will be sufficient coal 
to the rise to last for twenty or thirty years. The pits will not be 
so deep as if they had been sunk at the extreme dip of the estate, 
and the length of haulage — that is to say, the distance that each 
ton of cod will have to travel underground from the working 
place to the shaft— will be on the average little more than half 
what it would be if the shafts were sunk at one side of the estate; 
and when it becomes necessary to get the coal from the dip side 
of the estate, it can be drawn by hauUng-engines to the pit-bottom. 
In most deep collieries the amount of water finding its way into 
the dips is not a very serious consideration. For a large colliery 
it is necessary to have a railway, and it is an advantage to have 
also a cand and a good road. Pits are sometimes most advan- 
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tageously situated on the side of a harbour or deep water inlet 
of the sea, so that the coal can be tipped directly into ships. 

Sinking. — ^The site of a colliery having been chosen, the 
position of each pit is marked out There must always be two 
shafts, and there are often three — one for pumping the water, 
one for a downcast shaft for the air, and the third for an upcast 
shaft for the air. In deep collieries the pumping-engine shaft 
seldom goes to the bottom, as the lower strata are dry; it is 
necessary that between two of the shafts, at each of which there 
must be a winding-machine, there should be a thickness of not 
less than 1 5 yards of strata ; this is fixed by the Mines Regulation 
Act, 1887, sect 16, sub-sect B. 

TJnsoiling. — The first operation of sinking is to take off the 
soil for a dep^ of say i foot over the area likely to be occupied 
by the works and spoil-heaps, removing it to some place where 
it will be out of the way ; this is a good practice, but not always 
observed nowadays, owing to the expense. The reason for it is 
that, after the mine is abandoned, the soil can be again spread 
over the ground, which will thus be restored to agricultural con- 
dition. In the case of collieries, however, likely to last a great 
many years, it probably does not pay to incur the expense of 
removing the soil for this purpose. 

Excavation, and Shap^. — The second operation is to begin 
digging the pit, or shaft, with picks and shovels. In England the ‘ 
pit IS usually circular ; in South Wales some pits have been sunk 
of an oval shape ; and in Scotland there are many rectangular 
pits. On the Continent pits vary in shape, and in the United 
States the pits are generally rectangular. The size of colliery 
shafts in England nowadays varies from about 6 feet up to about 
18 feet, and the usual size for first-class collieries, that is, collieries 
raising 1000 tons a day and upwards, is from 14 to x8 feet in 
diameter. By means of the pick and shovel alone, the depth of 
the pit will not be taken more than 3 or 4 yards, the dirt being 
thrown up on to intermediate platforms ; it is then necessary to 
employ windlasses to raise the materi^ in buckets, by which 
means the ]iits can be carried down to a depth of 20 yards. 
Twenty-five years ago and more it was usual to get a horse-gin, 
With which the depUi of the pit could be increased to 40 or 50 
yards, and after that a steam-engine was employed ; nowadays a 
horse-gin is seldom used for colliery work, and a steam-engine is 
erected at once. As soon as the solid strata are reach^, the 
pick by itself will make but slow progress, and it is necessary to 
employ gunpowder or other explosive. 

Blarting. — For blasting, a drill, perhaps, is used 6 to xo feet 
loog, made of iron or steel ; if the former, with a steel end. The 
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bit will be 3 inches wide to drill a hole 3 inches in diameter if 
fi^npbwder is to be used. If dynamite is used, a bit inch wide 
will be sufficient, although 2-inch holes are sometimes used for 
dynamite. One or two men 
will take hold of the drill (see 
Fig. 126), lifting it up and 
down and striking blows ^et 
the bottom, turning the drill 
between each stroke, pouring 
water down the hole to assist 
the action of the chisel, and 
cleaning the hole of sludge 
with a scraper. For hard 
ground a shorter drill is used, 
which is struck by a hammer, 
one man holding the drill and 
turning it whilst the other 
strikes, and sometimes two 
men strike. “Sumpers” are 
generally drilled at an inclination of from 15° to 35° from the 
vertical, and side shots perpendicular ; single shots are seldom 
drilled much deeper than 3 feet in hard ground, though in soft 
ground they may reach 4 or 5 feet The miner sets a shot 
say in the centre of the pit, and the blast breaks up the rock 
around the hole, which, when cleared aw^ay, forms an excavation. 
Shots are now set round this first excavation to break off the 
sides until the whole width of the pit is extracted. Great 
judgment must be displayed in selecting the place for the holes, 
and the direction and depth of the boring. Frequently three 
or four shots are drilled and charged together, the fuse of each 
being lighted at the same time, but they ^e so ammged as not 
to go off simultaneously, owing to the difference in length of 
the fuse from each hole ; so that the separate detonations of the 
shots can be counted, and the miners know if any have missed 
fire. Sometimes a number of shots are exploded simultaneously 
by means of electrical blasting. Fig. 127 shows the plan and 
section of a pit. Six holes are shown in and near the centre ; 
these are the sumping shots, and are drilled to a depth of 
6 feet ; they are each charged with 2 lbs. of dynamite, and dicir 
simultaneous discharge blows up the whole centre of the pit, as 
indicated in the section. When the dirt from this discharge 
has been cleared away, ten more holes are drilled round Ac 
sides, as shown in the plan ; and they arc each chafed with 
a lbs. of dynamite and di^arged simultaneously, *br^king off the 
sides, and filling up the pit with dibfis as indicated in the sketch. 



Fig. 126 Sinking pit bottom, showing methods 

of drilluig and tools used. 
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The ordinary method of charging a blast-hole is shown in 
Fig. 128. If gunpowder is used, the hole must either be made 
dry by putting in dust, which, when cleaned out, takes away the 



Fig. ia7.—Siinultaiieous blasting b>' electricity. Sump ^hots 6 feci 
deep ; side shots, 5 feet deep ; a lbs. dynamite each shot. 


water, or else the powder must be in a waterproof cartridge-case 
— such a case is sometimes made of paper and sometimes of 
calico. The end of the fuse is put in the middle of the powder, 
and then the neck of the bag or case is tied 
fast round the fuse. Melted pitch may then 
be placed all over the bag and over the junc- 
tion with the fuse ; when this is dry it makes 
a good water-proof canridge. The cartridge 
with the requisite length of fuse attached, say 
4 or 5 feet, is lowered to the bottom of the 
hole, against which it is pressed with a scraper. 
Pounded shale or clay, dry and not gritty, is 
then pushed into the hole, and gently pressed, 
.,ci.y«»«u,pn>. very gently rammed upon the cartridge; 
uaibme;i,awUe, more Stuff IS pushcd in and rammed rather 
1 harder ; small bits are put in and rammed. 

S uird tnc; 5, When about 8 inches of ramming is put in, 
«“p«ns- ramming is still harder. The rammer is 

generally made of iron, with a copper or brass end, or else it is 
entirely of brass. The hole is tightly rammed up to the top. 
When all the holes it is intended to hre, say three, four, or live, are 
rammed, the fuse is bent across a candle, which is not lighted. 
The tools are all sent out of the pit, and all the workmen go 
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out but one or twa A sipal is given to the engine-man when 
a blast is about to be lighted ; the short pieces of candle under 
each fuse are then lighted ; the man jumps into the hoppet and 
signals the engine-man, and is immediately drawn up. The 
candle bums through the exterior covering of the fuse until it 
lights the powder in the fuse. As soon as this is lighted a fizzing 
is heard, and the fuse is saj^d to have struck.’’ The miner is 
landed at the top, and the bndge drawn over, and the number of 
explosions counted, so that the sinkers may know that every shot 
has exploded before they descend. If the rock is hard, fragments 
may be thrown to a ^eat height If dynamite is used, a water- 
proof cartridge-case is not necessary, as a short immersion in 
water will not injure the dynamite ; it is also not absolutely 
necessary to put in any ramming, or “ tamping,” as this ramming 
is called, because, owing to the great velocity of the explosion, 
water in the hole constitutes sufficient tamping ; but, as a rule, 
tamping is employed, belter results being obtained, although it 
is not necessary to ram so hard. The same kind of fuse is employed 
as for gunpowder. The dynamite does not explode with a simple 
flame or spark ; it is necessary to employ an explosive cap to 
light the dynamite. This is a copper tap with fulminate of 
mercury ; the fuse is slipped into the cap, which is squeezed tight 
with a pair of nippers, and some grease is put over the end of the 
cap to i>revent water getting in, which would destroy it ; the cap 
is pushed into the middle of a piece of dynamite. Dynamite is 
about three times as powerful as gunpowder, so that 2 lbs. of 
dynamite will do about as much work as 6 lbs. of powder. 

Electric Blasting.— A method of electric blasting will be 
understood on reference to Fig. 129. The electric fuse A con- 
sists of two insulated copper wires, the bare ends of which are 
brought close together, and between them is placed an explosive 
composition called the priming, that is fired by the passage of 
the electric current ; this composition i^ites the small capsule 
of gunpowder, the flame from which ignites the main charge. If 
dynamite is used instead of gunpowder, the exploder is a copper 
cap, B (Fig, 1 29), containing an electric fuse similar to the above^ 
but instead of gunpowder in the cap there is a char^ of fulminate 
of mercury, the explosion of which makes the required flame and 
detonatiem combing, which causes the explosion of the dynamite. 
The copper wires (insulated) of the fuse are generally 4 or 5 feet 
long, or more for a deep blast-hole. If only one shot is discharged, 
each of the fuse wires is attached to a conductor coming tom 
the batteiy, (This is on the pit-bank, and the conductors are 
taken down the shaft-side in waterproof covering.) If several 
shots are to be discharged at once, the right-hand wire of one fuse 
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is connected to the left-hand wire of the next fuse (see Fig. 129). 
The left-hand wire of the last fuse in one direction is connected 
to one conducting cable from the battery, and the right-hand 



Fig. 129.— High-tension blasung. A, section of detonating-cap for dynamite, 
half real size. 


wire from the last fuse in the other direction is connected with 
the other conducting cable. This is called connecting " in series;” 
the electric current has to pass through all the fuses in one circuit 
The conducting cable is generally a strand of twisted copper wire 

covered with some 
insulating material, 
which is protected with 
plaited hemp or with 
tape, often with both. 
Another mode of dis- 
charging (see Fig. 130) 
is to connect the 
right-hand wire of each 
fuse directly with the right-hand cable by means of a short 
connecting piece of wire, and to connect the left-hand wire 
of each fuse with the left-hand conducting cable. The current 
in this latter case, instead of passmg in circuit through the fhs^ 
is divided amongst them all This is called connecting "in 
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parallel.’* A magnetic exploder is often used for high-tension 
fuses — the kind hitherto most generally adopted In this machine, 
by turning a handle, and by means of multiplying gear, an armature 
is made to turn rapidly between the two poles of a magnet, thus 
producing an electric current which passes in circuit through the 
wires ; by pressing a button this circuit is broken, and another 
circuit, through file conducting wires and fuses, is completed ; 
this heats the priming, and so causes an explosion.^ 

With a properly arranged and sufficiently powerful magnetic 
battery, as many as a dozen shots may be discharged at once. 
With small batteries, such as are usually supplied, five or six shots 
only can be discharged with certainty. 

Lately, low-tension fuses have been adopted, and are recom- 
mended by high authorities (see Fig. 13 1). The external appear- 
ance of the fuse is much the same. The electric current is prc^uced 



Fig. 131.— Low-tension incandescent detonator in cartridge, i, fulminate ; a, 
platinum bridge in priming composition ; 3, plug ; 4, wires conneaed by 
bridge ; 5, dynamite. 


by chemical action, the electric generator being a galvanic battery. 
A small one suitable for shot-firing in coal weighs about 2^ lb& 
including a strong wooden case. 

Messrs. Bickford, Smith, and Co. make a kind of fuse for 
simultaneous blasting ; for this purpose a slow-combustion fuse, 
burning at the rate of say 3 feet a minute, is connected to a tin 
tube in which is a small explosive charge. Into this tube are 
fixed the fuses connected with each shot ; these fuses are made 
to bum at a very high speed ; the explosive charge in the tube 
ignites all these high-speed fuses at the same instant, and as owing 
to the high speed of combustion in the shot fuses a short differ- 
ence in length has no appreciable effect on the time, there is 
practically an immediate and simultaneous discharge. 

Shaft-Lining. — The shaft having been sunk a few yards in 
depth, it becomes necessary to protect the sinkers against injury 
from stones falling down the sides. By careful inspection and 
picking off loose stones, the pit may be carried to a depth of say 
S yards. It is now lined with a wall of brick or stone ; a bricking 

* Friction machines are also wed for charging Leyden jars. The ^ 
tension of this current enables It to be passed great di s ta nces through thin 
wires. 
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Fig. 13a.— Oak curb. 


crib or curb of oak (Fig. 13a) is laid at the bottom and bolted 
together, the ground having been first cut perfectly smooth and 
level all round, leaving a deep hole, or sump, in the middle. This 

curb having been laid, the masons 
begin building on it. The walling is 
generally 9 inches thick, but the top- 
most lepgth next to the surface is 
frequently 18 inches or 2 feet in thick- 
ness. By means of a plumb-rule the 
masons build the wall perfectly straight, 
any cavities behind the wall being 
filled up with small rubbish; in soft 
ground near the surface the wall is 
sometimes backed with concrete. In 
proceeding to sink below this first 
length, the ground directly under the 
curb is not cut away for a depth of between 2 and 3 feet 
below (Fig. 126), but after that the shaft is belled out to its 
original diameter, and the sinking continues for say another 
length of 8 yards. In order that the sinking may be plumb, 
plumb lines are hung from the first curb with a weight at the 
end; these lines, suspended at intervals of about 6 feet all 
around the shaft, form a good guide for the sinker, and also for 
fixing the next brick curb. As an additional security that the 
second curb is fixed exactly under the first, a centre-line is hung 

down the shaft ; this centre-line is hung 
from a strong piece of timber fixed 
securely across the centre of the shaft, 
either permanently or, if that is incon- 
venient, temporarily in permanent slots 
provided for it A heavy plumb-bob at 
the end of the centre-line holds the line 
in the centre of the pit ; by means of a 
rod the distance of the curb from this 
line can be measured The masons 
build up the wall on the curb, as be- 
fore ; when the wall is built up to within 
3 feet of the wall above, some of the 
shale underneath the curb is cut out for 
a widl^ of 4^ inches all round, leaving 4^ inches of solid ^und 
the curb above. Brickwork 4^ inches thick is now 
^the curb above (sec Fig. 133). In some large shafts the 
18 thicker than 9 inches, being 14 or 18 inches thick (see 
4). When the masons are building the wall up, and it has 
to a height of 4 feet, it is necessary that they should stand 



FfC. 133.— SectMmof thaft. dboviog 
brick walUng. 
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on a platform ; this platform is sometimes made by fixing cross* 
bearers in holes in the brickwork^ upon which are Idd planks^ the 
masons thus building up their 
own scaffolding as they proceed. 

Scaflfold. — A more expedi- 
tious and convenient plan, how- 
ever, is to suspend a circuit 
platform in the pit by means of 
a strong rope from the capstan 
at the surface. On this plat- 
form the masons stand, and 
upon it are laid the bricks and 
mortar. As the wall rises the 
platform is also raised (Figs. 17 1 
and 134). In order to steady 
the platform, wedges are driven 
in at each side ; sometimes bolts 
fastened through staples in the 
platform are knocked into holes 
in the wall, and this prevents 
the platform upsetting in case 
of uneven loading. The plat- 
form is frequently made w^ith 
» hinges in the middle, so that it 
can be folded up into a half-** moon” and withdrawn from the 
shaft or suspended from a hook m one side when it is not in use. 

Capstans. — Fig. 135 
shows a drawing of a capstan 
of the old-fashioned kind, 
with a vertical drum and six 
long wooden arms, llris 
dnm is usually worked by 
men, as many as twenty men 
could push at these arms at 
once; sometimes horses are 
used as well as men. Fig. 

136 shows a crab capstan; 
in this case the drum is hori- 
zontal, and spur gearing is 
used to give the men at the 
handles a. leverage. Instead 
of men, steam-engines are 
generally used, as shown in Fig. 136, in which a couple of small 
steam cylinders, operatiog through three sets of spur-wheels, give 
niovement to the drum. The chief dimensions of such a machine 


Fig. 134. — Operation of walling luid 
uispended Kafibld. 



tMtan tin 

Fig- Old*fiftshion«d capstan and diear kgs. 
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are as follows : pair of steam q^linders, xo inches in diameter, i8 
inches stroke ; horizontal rope^ruro, 4 feet in diametei^ and 5 feet 
wide; pinion on fly-wheel shaf^ 15 inches in diameter, gearing 

into wheel on intermediate shaft 
6 feet 3 inches in diameter; 
pinion on intermediate shaft, 15 
inchps in diameter, gearing into 
wheel on drum-shaft 6 feet 3 
inches in diameter ; steel rope on 
Fig. 136.-Steam capstan. drum of patent cfuciblc Steel, 

5I inches in circumference, gal- 
vanized, to lift say 10 tons. Such a capstan is stronger than 
required for a bricking platform; it is suitable for pumps and 
heavy machinery. 

This steam capstan is much superior to either of the other two ; 
it is much quicker than any hand-crab, and much safer than the 
old-fiishioned capstan, and in modem works is nearly always 
erected in preference to the old class of machinery. The capstan 
ropes were formerly made of hemp about from 3 to 4 inches in 
diameter ; they are now generally made of steel and galvanized to 
prevent ^em from rusting. The capstan rope, as shown in Fig. 
1 35, goes underneath a puUey in the frame, which is fixed at about 
the level of the drum, and then goes straight up and over a pulley 
at the top of the frame, whence it descends into the pit. There 
should be a strong beam between the capstan and the pulley- 
fhune, otherwise, when there is a heavy load in the shafC there 
would be a tendency to pull the leg of the fi-ame carrying the 
lower pulley towards the capstan, and this might lead to a serious 
catastrophe. 

fit-Top, and Winding -Engine.--Fig. 137 shows the 
general arrangement at the piMop: winding-engine house and 
puUey-ftame, pumping-engine house and pump, beams and mov- 
able bridge over the pit-top, etc. Fig. 138 shows a different 
arrangement Fig, 139 shows a suitable pair of engines for 
winding the dirt out of the sinking pit The larger the engines 
are the better, but small engines are generally employed, m order 
to avoid the delay consequent on the erection of large engines. 
A pair of engines widi cylinders 18 inches in diameter, with a 
stroke of 3 feet and a drum 6 feet in diameter, is a suitable size 
for sinking a pit for depdis not exceeding 500 yards. A single 
rope only is used. At the end of this rope is a piece of heavy 
chain called a bull-chain, 3 or 4 yards in length, and at the end 


of that is attached the sinking-tub or hoppet The heavy chain 
is required because, when the hoppet is detached, the weight of 
the xope on the other side of the pulley would overbalance the 
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short length at the pit-side and draw the end back over the pulley ; 
this is prew^ted by the weight of the bull-chaia Formerly a 
rope was used fcnr sinking, because round ropes were so liable to 



Fig. 137. — Sinking pit-bank, showing pumping and winding acrangements. 


twist round with the hoppet, and would spin round in the shaft 
like a teetotum ; latterly round ropes have been manufactured 
which do not twist, and as round ropes are cheaper and lighter than 
flat ropes, they are therefore preferred.^ 



Fig. 138 — Pit-bank boildingi for pumping and windiiig eogaes 
and pit frame. 


Hoppets.— The hoppets used are as follows : Fig. 140 is a 
good old-fashioned kind, and it is shown to be wider in ^e middle 
than at the top and bottom, like a barrel, and is attached by tlvee 
' “ Locked coil ” rope, and othert. 
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chains to a ring at the end of the bull-chain ; when the hoppet 
has to be detached, the three chains are each unhooked from the 
lugs on the hoppet This barrel-shaped hoppet has the following 

advantages ; When it 
is load^ with stone, 
the stone does not 
easily tumble out, 
being jammed in, 
owing to the upper 
parts being of less dia- 
meter than the middle. 
If when being wound 
up it should come in 

i 

it is the widest part 
that is most likely to 
touch, and there is 
nothing there to catch. 
Fig. 141 shows a hoppet with straight sides ; this is also larger and 
holds a greater weight, and is more easily emptied by the binksmen 
at the surface. Fig. 142 shows a water-barrel; this is suspended from 
a snap-hook (Fig. 143) at the end of the bull-chain ; the hook is 
fixed in a ring attached with a swivel-joint to a strong iron bow, 
which is fastened by two trunnions to the water-barrel just below 
the middle of its height, so that the barrel, when filled with water, 
can be very easily upset To prevent it tipping up there is an 



Fig. 139. — Pftir of uiuU stokinc-eiismcs. 



Figs. 140, 141.— Stoking-tsbi. Fic. 143.— Wuer-bGrrel. 


upright pin on one side of the top edge, a collar sliding on the 
bow fits also over this pin; when the barrel is drawn to the 
suriac^ the banksnum lifts the collar and thus tips the barrel 
When dirt is being sent out of the pit, the hoppet is lowered down 
to the bottom, the chains are unhooked and sent up to the top, 
and a second hoppet sent down. As soon as the first hoppet is 
fille4 it is sent ap, and die sinkers proceed to fill the second 
hoppet ; as it may take some time to empty the hoppet on the 
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bank, especially if the dirt has to be taken some distance away 
from the pit-top, five or six hoppets may be necessary for each 
winding-engine. 

Wa^r Qarlanda — In sinking a pit through ordinary ground, 
water is met with, and the amount of this water soon becomes 
sufficient to cause a good deal of trouble ; in order to prevent it 
splashing about unnecessarily jnd hindering the men, it is collected. 
For this purpose garlands are fastened on 
to the bricking-curbs (see Fig. 144). These 
are generally made of sheet iron about 12 
inches wide, nailed all round the shaft, so 
as to make a ring standing 2 or 3 inches 
out from the brickwork ; all the water 
trickling out of the brickwork must run 
into this ring ; at one place a hole is made 
in the ring out of which the water can run 
into a pipe, say 2 or 3 inches square inside, 
sufficient to carry the water. At the curb 
below is another garland. The pipe de- 
livers its water into this second garland, 
which also collects fresh springs ; a second 
pipe goes down from the second garland, 
which may be larger in size than the first 
one, because it may have to take a larger 
quantity of water. In this way the water 
is conducted to the pit-bottom or to some *44 — Scctkm or sbma 

Cistern in the shaft-side. If it goes to the a. water-pipes, 
pit-bottom, the wooden pipe stops at the 
lower end of the brickworl^ and a flexible tube (or simple rope) 
continues it to the bottom, where it delivers the water into the 
water-barrel As soon as this barrel is filled, it is wound up by 
the engine, and the flexible water-pipe is put into another barrel 
which is ready at the pit-bottom. In this way small feeders of 
water can be raised. If there is more than a small supply, such 
as 50 gallons a minute, a separate winding-en^e is necessary 
to wind the water ; and if the quantity of water is more than 200 
gallons a minute, pumping-engines are usually employed. 

Quides. — As a general rule, the sinking hoppet is not 
attached to guides. After it has been lifted off the Iwttom, one 
of the sinkers steadies it, and when it has stopped swinging, it is 
wound up, and it swings but little on its way. 

Some engineers, however, prefer to have the sinking hoppet 
guided* Amongst such methods one designed and patented by 
^* Galloway has been used in South Wales and elsewhere* It 
is shown in Fig. 145. This system of guiding maybe described as 

H 
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follows ; Two wire guide-ropes are stretched from the pit-frame on 
the top to a platform fixed at the bottom of the brickwork in the 
- . shaft (see Fig. i4S)* The eross- 
XflL bar A, with a collar at each end, 

guides; in the 
centre of the cross-bar is a hole 
^ through which the winding-rope 
passes; beneath the cross-W is 
^ attached the hoppet When the 

II A tu hoppet is raised, a rubber buffer 

III w ill at the lower end of the winding- 

J'ope comes in contact with the 

I 1 cross-bar, so that it also is lifted. 

I ^ As the cross-bar is connected 

with the wire guides, it cannot 
® swing, and the hopjiet is also 
rlR steadied. In lowering the hoppet 
^ to the bottom, the cross-bar is 
Y arrested by some buffers on the 

I 1 A J? guides just above the platform, 
but the hoppet continues to 
P,o..«.-Griio«.y-.p.i<«e.. descend through an owning in 

the platform to the bottom of 
the pit The wire guides are generally attached to capstans, 
by means of which they can be raised or lowered, and the plat- 
form is used for the 
masons in walling the 
shaft In large pits 
there may be two 
hoppets and two sets 
of guides; in this case 
there is only one cap- 
stan rope for each set 

>§ of guides (see Fig. 

1 I i4S)' One end of each 
1 1 wire guide is fast- 

1 I cned to the pit-frame 
.1 \ \ at D, it passes down 

■ ■ I \ and under the pul- 

I I I \ \ ^ 

up to the top again 

I. , — Z — over the pulleys B, and 

»«;. ..d-o.iw.jr'.r-a-; Wm. far d««. to thc Capstan. 

The pit-top is coveted over, and there is a pair doors 
through which the hoppet can be raised (see Fig. 146). These 
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doors are lifted by means of the lever A and the balance-weights B. 
When they are open they form a fence for the shaft, the other two 
sides of the opening having permanent fences. After the hoppet 
has been raised, the trap-doors are closed, and a bridge run over 
them, into which the hoppet is lowered. 

Sinking-Pumps. — The pumps most commonly employed in 
sinking pits are shown in Fig^ 137. On the crank-shaft of the steam- 
engine is a small spur-wheel or pinion, which gears into another 
spur-wheel three or four times the diameter of the pinion. On the 
same shaft as the large wheel is a crank or disc, with three holes for 
a crank-pin, which can be placed in either 
hole to make a long or short stroke as 
required. A connecting-rod from the crank- 
pin gives movement to beams shaped like 
the letter T inverted, or the letter L, at the 
j)it-top. 'I'he pump-rods are attached to 
these beams by the method shown in Fig. 

147. The beam is made of two sides, a pin, 

A, passing through both ; this pin also holds 
a saddle, B, which can turn upon the pin. 

By means of clamps C C, this saddle is 
fastened to the pump-rod. These pump- 
rods are of wood, and from 4 to 1 2 inches 
square, according to the size of the pumps, 

6 inches square being a suitable size for 
pumps 14 inches in diameter working from 
a depth of 50 yards. The pump shown 
in Figs. 148 and 149 is that kind usually called a bucket-lift. The 
pipes are all made of cast iron. The bottom pipe has a rounded 
end perforated with holes, and called a wind-bore ; this rests on the 
ground, standing in the water ; if the water should not be deep 
enough to cover all the holes, those above the water may be 
plugged, so as to prevent wind from drawing in. Above the 
wind-bore is the clack-piece ; the clack-valve is shown also in 
Fig. 148 (i). The shell, or valve-seating, is of cast iron, tapered on 
the outside to fit into a tapered recess in the clack-piece. There 
are two openings for the water, both of which are covered by a 
wrought-iron plate, which is the valve. This wrought-iron plate 
is riveted on to a piece of tough leather, which covers the whole 
surface of the shdl, and is fastened down by a collar on the 
hook a, which pass*.:s through the shell ; this leather forms the 
hinge, and also makes a soft bed for the valve, which would not 
otherwise be water-tight A hook or bow is used for the purpose 
of lowering or raising the clack. The cast-iron door can be taken 
off when it is necessary to change the cljudt It has sometimes 



Fig. Z47.- Prnnptng-beam 
and saddle. 
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happened that the door has been taken off, and could not be put 
on again before tiie water had risen up so that the clack was 
useless. There is often another clack-seating above the door, 
where the clack could be placed in case the lower clack was 


rendered useless in any way. To 
clack-door on or properly tight 



avoid the risk of not having the 
there is sometimes no clack- 
d(X)r, and the clack has to be 
drawn up to and lowered from 
the surface every time it is 
changed. Above the clack- 
piece comes the working 
barrel ; this pipe is about 
lo leet long, it is accurately 
bored, and is the cylinder 
in which the bucket works. 



Above the working barrel is a bucket-door piece, a short pipe 
4 to 6 feet long, in which is a door similar to the clack-i)icce 
door. At this door the bucket can be taken out and replaced. 
This door is also sometimes omitted for the same reason as given 
above for dispensing with the clack-piece door. Above the butket- 
door piece arc the ordinary ** pump-trees.” The ** pum{Mrce ” is 
a pipe, so called l>ecause it was originally made by boring out 
the trunk of a tree. It is generally made of cast iron with flanges, 
and should be at least i inch in diameter larger than the working 
barrel, so that the bucket can be easily withdrawn or lowered, 
and the flanges should be faced in the Lathe, so that the joint 
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can be easily made water-tight with indiarubber rings. Bolts 
and nuts are used for fastening the joints. Formerly pump- 
trees were not faced in the lathe, and the joints were made 
water-tight by means of a thin wrought-iron ring, or washer, 
rather larger in internal diameter than the bore of the pump-tree. 
This ring was wrapped with flannel, and placed between the two 
flanges, and when the boltS were tightened the flannel served to 
make a water-tight joint. At the top of the pump-trees is the 
hogger-piece (see Figs, 149 and 137). This is a branch pipe for 
the delivery of the water, and is belled out at the top to prevent 
the water overflowing when the bucket is lifted. To the hogger- 
piece is attached a large flexible tube frequently made of leather, 
which conveys the water into the drain. Pipes of wrought iron 
and steel are sometimes used instead of cast iron. They have 
generally a riveted longitudinal seam, and the flange is riveted on 
by means of an angle iron, which is riveted round the pipe and 
also to the flange. These pump-trees of wrought iron or steel 
are very much lighter than cast iron, owing to the greater tensile 
strength and trustworthiness of wrought iron. 

Bucket. — Tlie bucket is shown in Fig. 148 (3). The valves 
are similar to those in the clack. The water is prevented from 
slipping between the bucket and the working barrel by a leather 
packing-ring, a. This ring is held tight by a tapered iron ring 
b driven on from below. When the bucket is lifted, the water on 
the top, pressing on the inside of the leather ring, forces it open 
and against the sides of the working barrel, and until this leather 
ring is worn out the water will not slip past the bucket to any 
large extent. The bucket is attached to the rods by a toothed 
iron or steel bar, called a sword, shown in Fig. 148 (3) c and (4), 
over which a ring is driven to keep the teeth in their places. The 
sv'ord is attached to the pump-rods by the iron fork and by bolts, 
as shown in P^ig. 148 (3) E. The rods, which may be in lengths of 
20 or 30 feet, are joined one to the other by wrought-iron plates and 
bolts (Figs. 147 149 and 150 dd), AVhilst the working barrel 

is 10 feet long, the stroke of the bucket in a sinking pit seldom 
exceeds 6 feet, and is sometimes only 2 feet As the pit gets 
deeper the pumps have to be low’ered. When first fixed the 
bucket w'orks to the bottom of the working barrel, but when the 
pumps have been lowered it works at the top. The bucket can 
be lowered by und )ing the clamps above mentioned, and letting 
down tlie required length of rod, fresh rods being added at the top 
as required. 

Pumps are frequently suspended by ropes, or chains, or wooden 
rods called spears i these latter are shown in Fig. 148. They 
are clamped to tlie wind-bore, and at intervals are attached to the 
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pumps above by collars. The upper end of each is attached by 
clamps (Fig. 150) to a large screw. This screw-thread is from 
6 to 10 feet in length (on a rod 6 feet longer than the screw) — 
the longer the better — and is from 3 to 4 inches in diameter, with 
a square thread chased. At the lower end of the rod is a head 
with an eye in it. To this eye is suspended by a pin the clamping- 
piece to which the rods are fastened. *The screw passes through a 
nut, below which is a large washer ; this washer rests on a strong 


Fig. 150. 



iig 151- 



beam or beams (Fig. 150). As the pit 
gets deeper the pumps are lowered by 
unscrewing these nuts. A long lever 
and ratchet is commonly used for this 
purpose. If the nuts were attached by 
gearing to a small steam-engine, the rais- 
ing and lowering of the pumps would 
be more expeditiously 



Figs. 150, 151 — Pumping set 
!»crc\^s 


1 10. 15^ —sliding Fig. 153 — Suinging 

Hind bore wmd-borc. 


When pumps have been lowered the Icngtli of the screw, the clamps 
are loosened, the screvs run up, and the clamps again tightened to 
a higher part of the spears. Tnstead of this system of screws, cap- 
stans and pulleys are sometimes employed (see Fig. 1 55). In other 
cases the pumps are not suspended, but are fixed to cross-bcarers 
in the shaft, and the wind-bore slides over a pipe attached below 
the clack-piece, which has been turned in the lathe so as to 
make an air-tight joint with the sliding wind-bore. The joint is 
completed by means of a stuffing-box (Fig. 152). As the pit gets 
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deeper the wind-bore can fall down the length of the slide, which 
may be lo feet. In order to add fresh pumps, it is necessary to 
break the joint above the bucket-door piece, and lower that and 
the pipes below by means of the capstans sufficiently to take in a 
9-foot pipe, the slide being run up to the top of its length. 

Swinging Wind-bore. — It is necessary to blast the ground 
immediately underneath thp wind-bore. Where the pumps are 
suspended by spears, they can be swung from one side of the pit 
to the other, but where they are fixed, this cannot be done. To 
overcome this difficulty a swinging wind-bore (see Fig. 153) is 
sometimes used. This is made on the principle of a ball-and- 
socket joint, and it can be moved a distance of 7 or 8 feet in 



Fig 154 — Cornish sinking pump . Fig 155 Ditto, shoving pumps suspended 

a*rangeiuenii» of pumping-Iifts by ropes, pulleys, and rods. 

either direction. When bla^iting, the pumps are protected as 
much as possible by wooden planks from the effect of stones 
thrown across the pit. 

It is seldom that an ordinary pump is employed to lift the 
water a greater height than 70 or 80 yard^. When the pit exceeds 
that depth, another set of pumps is employed (see Fig. 149), which 
pumps the water from the bottom into a cistern from which 
the upper set of pumps takes the water to the surface. Where 
there is a large quantity of water, several lifts have to be put in. 
As many as five lifts have been employed at one time working 
from the bottom, and these pumps are sometimes 20 and even 
30 inches in diameter. When dealing with large quantities of 
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water, the method of pumping may be modified by the considera^ 
tion that the pumping-engines will be only temporarily required 
during the sinking, and that the water will afterwards be tubbed 
back, and the pumping-engines become useless. If, on the 
other hand, the pumping-engines will be permanently required, 
machinery of a permanent and economical kind may be erected. 
The kind of pumping-engine knowi^ as the Cornish has a great 
reputation for economy, and is therefore employed sometimes as 
a sinking-pump (see Figs. 154 and 155). 

Where the pump is only temporary, it has of late years become 
common to suspend in the shaft steam-pumps by means of wire 

ropes (Fig- 156). The steam is taken 
down the pit in wrought-iron pipes 

can be lowered as required. The 
delivery-pipe of the pump is free to 
be lowered down. The suction-pipe 
is sometimes a flexible tube or has a 
sliding joint, so that it can be kept 
at the bottom of the pit, or the engine 
i^ constantly lowered as the pit is 
deepened. These pumps are conve- 
nient, because, owing to the steam- 
c\linder and pumping-cylinder being 
fastened together on one iron plate, 
they require no external support, 
and they may be wotked at a great 
])ace with comparatively little risk of 
fracture : one of these pumps may 
deliver as much as 1000 gallons a 
minute. Three sets of pipes have 
to be suspended in the shaft — steam, 
exhaust, and water. These may be 
attached to cross-bars, as shown in 
Fig. 157. The delivery-pipe is brought 
up, say, 10 feet above the bank, and 
also the exhaust-pipe (see Fig. 156).^ 
As the pit is deepened, the pump is 
lowered by the capstan-rope by which 
it is suspended. The steam-pipe, 
having a slide at the pit-top, lengthens. The delivery and exhaust 
pipes, not being attached at the top, are free to follow the pump 
downwards. Fig. 158 shows another kind of pump, which may be 

' See paper read at the Midland Institute, by Mr. W. H. Chambers, on the 
•‘Cadeby Sinking.” 



1 15^- 

"iG. 156 — Suspended pump and 
arranijement of pipes in shaft. 
I u, 1 57. — Plan showing arrange- 
ment of pipes. 
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suspended in a similar manner. There are a variety of pumps used 
for this purpose, and those shown in the illustrations are not neces- 
sarily better than any of the others. The pulsometer (see Fig. 159) 
has also been used in shaft-sinking. As it is not suitable for high 
lifts, it is necessary to place one above the other ; the bottom 
pulsometer delivering into a cistern from which the next one takes 
us water, and so on up to the,surface. Fig. i6o shows a method 
that has been adopted in sinking the Canklow pits of Sir John 
Brown and Co.^ At this pit the quantity of water met with near 
the surface was very great, amounting to between 2000 and 2500 
gallons a minute. Nine pulsometers were employed in three 



ingpump. valves. (Canklow pits). 

tiers, etch pulsometer raising the water to a height of about 
72 feet. The steam was taken down the pit in pipes from boilers 
worked at a pressure of 80 lbs. per square inch, the sliding steam- 
pipe being used for the lowest set of pulsometers. The three lowest 
pulsometers were suspended by chains from three crab-winches 
on the surface ; the tw’o upper tiers of pulsometers were fixed on 
wooden beams. At this colliery, after the pit was completed, the 
water was kept out by tubbing, and the pulsometers were then no 
longer necessary. 7 'here is no way of ascertaining the amount 
of water delivered by a pulsometer, except by measuring the 
quantity delivered ; but with regard to ordinary pumps the piobable 
* See Engineerings May 13, 1S92- 
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quantity of water may be caiculatcti fiom the diameter of the 
working barrel, the length of the stroke, and the number of the 

strokes per minute. , , • , 

Let D equal diameter in inches, y tqtial stioke m yards, 
^ X V rut •(. 

and .r equal delivery in gallons; then .v = 


10 


Then if 


D = 10 and 2, 


D- X 
10 


y 

= 20 ; 


that is to say, the pumj) will 
are ten strokes a 


deliver 20 gallons per stroke, and, if there 
minute, it will deliver 200 gallons a minute. 

To take another example. Suppose 1 ) - 20, and the stroke 
is li yard, and the number of strokes per minute = 10; then 

= 600 gallons per minute. 


X ij = 15, and.r = 


10 


Fig, 161, 


If the pump does not deliver this quantity, it will be because 
there is some slip of water past the bucket, ram, or piston, or past 
the suction or delivery valve, or else because the water during 
the suction stroke does not follow up the bucket or ram to the 
end of the stroke, i.e. is not “ pumping solid.” 

Underground Pumping-Engine. — It is often found con- 
venient, w^hen sinking a pit, to fix 
a permanent pumping-engine in a 
chamber by the side of the shaft 
(see Figs. 161 and 162^), the 
steam being brought down to the 
engine in pipes. After the steam 
has done its work, it is sometimes 
condensed and then passed up 
with the delivery of w'ater, or it is 
taken to the upcast shaft, or it 
is conveyed 10 the surface in sepa- 
rate pipes or behind a brattice ; 
the advantage of this mode of 
pumping the water is that the 
steam and water j)ipes occupy 
less room in the shaft than the 
pumps worked by rods from tiie 
surface, and also they occupy no 
.space on the surface. The heat 
from the steam-pipes and exhaust 
steam is useful for ventilating purposes, if they are in an upcast 
shaft or on the upcast side of the brattice in a shaft. 

Where there is a great deal of water, the sinking of two shafts 
simultaneously facilitates the pumping, because there may be 
' \V. Galloway, Llanbradadi. 
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Flos. 161, 16* ~ Sectional end elevation 
and plan of pun j>-ehanil/cr. 
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pumps in both shafts; and if the water has to be tubbed out it is 
highly desirable that all the shafts at the colliery, whether two or 
three, should be sunk simultaneously, because, if the first shaft 
was sunk and tubbed, then all the water would have to be pumped 
at the second pit, whereas, when the pits are sunk together, one 
pumping does for both the shafts. If, however, the pumping will be 
j)ermanent, it is sometimes tcoftomical 

to sink the pumping-shaft in advance of ’-pri ~ 

the other shafts; in this way the strata 
are drained, and the second and third 
pits may be sunk without any pumping. 

If, notwithstanding the existence of a 
pumping-shaft, there should still be J | ^ 

water in the other shafts, they may be 
drained in the manner shown in Fig. ^ 

163. Here a heading is driven from j 

the pumping-pit under the pits which -/j K : ! 

have to be sunk, and then a bore-hole ^ ^ 

put down from the sinking pit into this y ;; 

heading, so that any water that is in 

the shaft runs down this bore-hole, and J L 

the sinkers are free from the hindrance S ^ 

of water. There may be some ten- ^ 

dency for the hole to be stopped up. 

To avoid this a chain is sometimes .sl^nore-hoie dn.inmg p.t. 
passed through the hole and fastened 

above and below ; if the chain gets jammed, it may be attached 
at the upper end to the engine or capstan, and pulled, and in this 
way the hole is cleared. 

The foregoing remaiks on sinking are taken from the experience 
of colliery shafts, but the sinking of shafts for other purposes, 
such as for iron, tin, or gold mines, is conducted on similar 
principles. It is, however, common, in the sinking of metalliferous 
mines, to sink shafts at an inclination from the vertical in the vein 


and following the vein, so that, whilst the shaft is straight as 
regards the direction by the compass, it may be crooked as regards 
its inclination. Where the shaft is inclined, the hoppet, instead 
of being suspended without guides, is frequently a box on wheels 
running on or between guides ; in the same w’ay the rods from the 
pumping-engine are suj ported by rollers. But where metalliferous 
shafts are sunk in the vein, the sinking is concurrent wdth the 
opening out of the mine, and therefore, after the first two or three 
levels are opened, the sinking of the shaft is gradual, like the 
development and exhaustion of the mine, and is continued for 
scores or even hundreds of years. 
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Rectangular Shafts. — Where timber is used for the per- 
manent lining of the shaft, it is frequently made rectangular, as 

Filer. 164. 





Fig. 166 

Fig 165. 

Fig. 164 — Rectangular shafts : section. Fn;. 165.— Plan. Fig- 166.— 
bhaft nearly round. 

shown in Figs. 164 and 165. There is a framework of round or 
square timber placed at intervals of from 3 to 6 feet, and behind 

y this are planks fixed in their places by wedges ; 

^ sometimes the lining is adapted to a nearly 
ap circular shaft (see Fig. 166), and sometimes to 
^ a shaft that is quite circular. Shafts lined with 

^ brickwork are sometimes oval in shape. 

J J/; Temporary Lining. — In sinking a shaft 

^ it is often found convenient to put in a lem- 
^ porary lining for a length of 20 yards, and 
I sometimes up to 50 or 60 yards, or even more, 
^ ^ ^ and then to put in the permanent lining of 

; brickwork. The temporary lining is sometimes 
^ made of light wooden curbs of oak, say 4 
inches wide and 3 inches deep, cut to a circle 
in segments and bolted together (see Fig. 167). 

, rhis curb may be supported on iron pins 
placed in holes which are driven into the 
shaft-side and wedged tight, or it may be sus- 
pended from some fixed curb by wooden boards 
nailed from the curb above to the curb below; 
boafds, which are called lacing-boards, 
boards ; i, w(xxi constitutc the lining ; the curbs are placed at 
back* 3rw^1:urbs intervals of 3 or 4 feet, and the lining-boards 
bSkin'^euX"*' cnough to be attached to three or 

nc mg cur . curbs. Another method of lining used by 

Mr. Charles Walker in a sinking near Barnsley is shown in 
Figs. 168 and 169. In this case iron rings are used instead of 
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wooden rings i the top ring is carried on iron pins wedged fast 
into holes driven into the shaft-side, the lower rings are sus- 
pended by iron hangers bent 
into the shape of a hook on the 
top and bottom. Boards are 
placed behind these rings and 
fixed tight by wedges. As the 
permanent brickwork is brought 
up, the lower rings are taken 
to pieces, and the lining-boards 
removed ready for use again. 

Rules for Safety. — The 
only way to secure safety in a 
sinking pit is to employ expe- 
rienced sinkers and to enforce 
a strict observance of rules. 

Some amongst the many rules 
that have to be regarded are 
as follows : — 

1. The pit-top must be in 
charge of a banksman, whose 
directions must be obeyed by 
every one on the surface about 
the pit-top. The banksman 
must see that there are no 
loose materials, bricks, stones, 
dirt of any kind, loose picks, 
shovels, wedges, hammers, 
bolts, nuts, or anything of any sort near the pit-top which could 
be accidentally knocked down the shaft. 

2. The pit-bottom must be in charge of a master sinker. 

3. There must be a signal apparatus from the pit-top to the 
pit-bottom, and another signal apparatus from the bottom to the 
top and to the engine-man. There must also be a signal apparatus 
from the bank to the engine-man ; it is also desirable that the 
engine-man should clearly see the pit-top. 

4. There must be a good light on the pit-bank at night, but 
screens must be placed between these lights and the eyes of the 
engine-man. 

5. When the sinking pit is entered for the first time after 
it has been left without any sinker in it, even for a brief period, 
the master sinker must go down with safety-lamps only, and 
examine for explosive gas, and particularly must this precaution 
be observed after blastine:. 

6. Before starting to work on the pit-bottom, the master sinker 


Fig. 168. 



Fig. 169. 

Fig. 168. — Walker’s temporary lining for shaft : 
plan. Fig. 169. — Ditto : elev.ation. 
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and his deputies must examine the shaft-sides from top to bottom, 
and particularly those portions where there is no lining, and loose 
stones must be pulled off, so that no sinker may work beneath 
ground which is unsafe. The master sinker must particularly 
observe that every opening made into the shaft-side, such as a 
heading in a seam of coal, or for any other purpose whatever, is 
safely walled, so that no loose material can fall from the sides of 
the heading and fall down into the shaft. He must also see that 
every edge of wall, whether at the pit-top or at such openings, is 
securely fixed with timber or cement, so that no loose bricks can 
fall off. He must also see that there are no loose bricks, stones, 
tools, bolts, nuts, or any loose thing whatsoever upon any of the 
rings, ledges, bearers, pipes, or platforms in the pit. 

7. A sinker must be appointed as hanger-on to give signals 
to the bank; he must also steady the hoppet whenever it has 
been lifted off the bottom, and must see that it has ceased to 
swing before he gives the signal to wind up. 

8. The engine-man must not lower the hoppet to the bottom, 
but must stop at least 5 yards off the bottom until he receives the 
signal from the hanger-on to lower down. Unless this rule is 
ofcerved, the sinkers might be crushed by the hoppet descending 
upon them. 

9. The hoppet must not be filled over the top with dirt, and 
all tools reaching over the top must be tied firmly to the chains^ 
so that they cannot fall out 

10. The pit-top must be quite covered over, either with trap- 
doors or with a movable bridge, whilst the hoppet is being 
unhooked and the other one being hooked on. 

11. When the bridge is run over the pit-top it must be 
immediately and securely fastened, so that it cannot run back (else 
the banksman and the hoppet might be accidentally precipitated 
into the shaft). 

12. There must be a code of signals for the guidance of the 
engine-man, which may be arranged to suit the previous experience 
of the workmen ; as for instance — 

One rap to raise the hoppet off the bottom. 

One rap to wind up after the hoppet is steadied. 

One rap to raise the hoppet off the bridge. 

Two raps to lower down. 

Three raps to raise the hoppet off the bottom when men are 
about to ascend. 

Four raps to go on slowly. 

Six raps when a shot is about to be fired and to raise the 
hoppet just clear of the bottom, so that the sinker may get in after 
lighting the fuse. 
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One rap to go on. 

13. Safety-lamps to be used at the pit-bottom when about to 
cut into a seam of coal. 

14. A good ventilation to be maintained at the pit-bottom, 
and especially when bricking both above and below the scaffolding. 

15. Explosives to be taken down in cartridges and canisters. 

A great many precautions not indicated in the above remarks 

have also to be taken. In scfhfie cases safety -hooks are used to 
prevent overwinding. 

Ventilation. — For the ventilation of a sinking pit it is 
sometimes divided into two compartments by a vertical division, 



Fk,. 170.— ilraitieing of shaft, i, a»r pipe ; 2, hrattice boards ; 3, fan ; 
4, iron clamp ; 5, w ood posts to hold boards 


called a brattice; such a brattice is shown in Fig. 170. Here it 
is made by fixing, with iron clamps (4) and coach-screws, two 
posts (5) to the shaft-side ; in each of these posts is a groove wide 
enough to take a 2-inch plank. The planks are tongued and 
grooved, so that when fitted together and wedged into the groove 
of the posts, they make an air-tiglit division Any space between 
the posts and the bricked lining may be stuffed with oakum or 
other material to prevent the air drawing through; whatever 
material is used it should be such that, if it should loosen and 
fall, it will not injure anybody by its weight The bottom of the 
brattice is supported by a beam fixed into the shaft-sides; since 
the brattice cannot be continued right down to the bottom, a 
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floor IS put under to close it. At the level of the beam an opening 
is cut in the floor to which pipes are attached, say 15 inches by 
20 inches internal dimensions ; these pipes are carried down to 
within a few feet of the bottom. If there is a steam-engine behind 
the brattice, the heat from the steam-pipe will cause an upward 
current, or a steam- pipe may be taken to the bottom of the 
brattice and some steam allowed to escape, for the purpose of 
warming the air and causing an uY>ward current ; otherwise the 
top of the brattice must be connected with a fan driven by a 
steam-engine. A small engine, with a cylinder 6 inches in diameter 
and 12 inches stroke, would be sufficient for the ventilation of a 
single shaft, and for a fan 3 feet in diameter. The fan is generally 
an ordinary centrifugal fan. If the brattice is connected by means 
of a pipe with the centre of the fan, it will then suck air out of 
the shaft ; but if the brattice is connected with the outside of tlie 
fan casing, it will then blow air down the brattice, because every 
centrifugal fan sucks in air at the centre and discharges it at the 
periphery. In some cases there is no brattice, but air-pipes are 
carried all the distance (see Fig. 171). If wooden pi[)es are used 
with an internal area of 2 square feet, they are sufficient for a 
single shaft under ordinary circumstances ; but brattice facilitates 
the ventilation of the pit, and clears it of smoke. If pipes are 
used all the way, it is usual for the fan to blow air down them, 
because then the current will strike down from the bottom of the 
pipes and clear the shaft-bottom of smoke, after blasting, almost 
immediately, but the upper part of the shaft remains smoky. If, 
on the other hand, the fan sucks air, the whole shaft has to be 
cleared of smoke before the bottom is quite clear, and therefore, 
unless there is a powerful ventilation, there is a loss of time. 
W hen a bricking scaffold is in the shaft, the air-pipe must be 
continued past the scaffold, so as to ventilate the pit-bottom when 
the scaffold is raised up ; but water may then accumulate at 
the bottom and close the end of the pipe, and this stops the 
ventilation. It is necessary, therefore, that there should be a 
branch pipe above the scaffold, so that in case the lower pipe is 
sealed with water, there may still be ventilation. This may be 
carried out by making the pipe that goes through the scaffold 
smaller than the main pipe, and leaving the bottom of the 
latter partially open, as shown in Fig. 171. Sometimes circular 
iron pipes of sheet iron, about i^^^h thick, are used instead of 
wood; these are bolted together by means of two flanges at 
each end. It is highly important that these pipes should be very 
carefully fastened, cither to the shaft-sides or to suspending ropes or 
chains, so that there should be no possibility of their falling on the 
sinkers after being knocked by stones from the shots, etc. 
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Explosives.— For ordinary shales in the coal measures, gun- 
powder, either in grains or compressed, is found most effective in 
lifting the ground ; but for hard stony ground or rock, dynamite, 
blasting gelatine, or other high explosive is found most effective. 
One of the advan- 
tages of dynamite I 

is that, if tne hole _ --^ 7 I 

is bored as large as | 

would be suitable 11 ^ 

for gunpowder, the ^E// j \ 
charge can be con- | 

centrated at the I. u 

bottom of the hole, iF"" — ' r 

and is then more /jE ^ E j 

effective for lifting f ^ J 

the ground. Or, if I 

a small hole is ^ I % 

bored, it can be # ^ \ 

done more quickly ^ j | 1 1 1 

than a large hole ^ ^ 

such as is required | It/V / 1 p=^ [~~p i= :y 

for gunpowder. A A /jf \ ^ ^ b=s=^ 

dynamite cartridge \ ^ 

will go in a hole f ^ \ n“/ 

I inch in diameter. | 

For gunpowder the | ^ . E ^ 

hole should be 2^ | ^ ^ =1 

or 3 inches in dia- | h E^ 

meter, in order to ' 

take a sufficiency " 

of powder. j, — VemiUtion .ind bricking of shaft i, bricking scaffold , 

PrllliXtg by ‘^jnkmg bowks; 3, blowing-fan, 4, wooden air-pip^s . 5, 

landing-stage, ^ — O* , direction of au-current. A, plan 

OteaiXl - power. of shaft, showing scaffold , 11, section of joint of pipe. 

In ordinary colliery 

sinkings the blast-holes are drilled b) manual labour, because, 
though the holes could be more quickly drilled ^^ith a machine 
worked by compressed air, yet the saving in time in actual drilling 
would be lost in the time required to fix the machine, and the 
accidents connected with the use of machineiy^ ; but if the sinking 
is to go through a great thickness of hard rock, then steam-power 
is required. 

It would be dangerous and inconvenient to take steam into 
the pit-bonom, and therefore the steam-engine is placed at the 
top, and used to compress air. This is conveyed to the pit- 
bottom in pipes from 2 inches to 4 inches in diameter, according 

1 
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to the number of machines to be woiked. At the sinking ot 
the Harris's Navigation Colliery, in South Wales, several descrip- 
tions of machine-drills were em- 
ployed; the diamond drill was 
first tried, but subsequently it 
was superseded, by the use of a 
percussive drill, similar to that 
shown in Fig. 172. This kind 
of drill is generally carried on 
a tripod stand. Details of a 
machine-drill are shown in 
Fig. 173. The machine con- 
sists of a cylinder 3 inches to 
4 inches in diameter, with a 
j)iston having a stroke of say 
4 inches ; the slide-valve C 
reverses by the action of the 
piston D, so that the piston will 
move with great rapidity, say 
500 double strokes a minute, 
rhe i)iston-rod projects through 
a stuffing-box, and at the end 
is a socket or drill-holder, S. 
The cylinder is fixed on an iron slide, up and down which it can 
be moved by turning a screw, R. 

When proceeding to drill a hole, a short drill is fixed in the 
piston-rod, and light blows are struck upon the surface of the 
rock until a hole has been gently and slowly bored to the depth 
of an inch or two ; this care in starting is necessary because the 
drill might slip on the bare surface of the rock; after once the hole 
is formed in the ri^ht place, full power is turned on. The drill 
tuijis itself between each blow (see Fig. 173). A fluted rod, F, 
projects through the cylinder cover into the cylinder, and fits into 
a fluted hole in the piston; the flutings have a sjnral twist like 
those of a rifle. As the piston moves up and down, it tends to 
twist backwards and forwards to the fluted bar. This bar outside 
the cylinder has on it a ratchet-wheel, which permits it to turn 
in one direction only, so that the piston has to twist when making 
the back-stroke. In this way the piston is turned one tooth of 
the ratchet-wheel every back stroke, whilst the fluted rod turns 
every forward stroke. The turn of the piston, and consequently 
of the boring-bar, causes the tool to drill a round hole. 

As the drill works, the miner turns the handle of the advancing 
screw, and so causes the cylinder to move down the slide, thus 
keeping the ix)int of the drill up to its work. The slide being say 
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1 8 inches long, the hole can be drilled that depth. -When this depth 
is reached, the screw is reversed, the drill drawn out of the hole, 
a longer drill is placed in the hole and cottered to the piston- 
rod. This second drill is rather narrower than the first drill, so 
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that it may not catch on the sides of the hole. When the entire 
length of this drill has been bored, if it is still required to go 
deeper, a third and fourth drill can be added. To clear the hole 
of dirt, a iet of water is directed into the hole, and the action of 
the drill mixes the dirt up with the water, some of which is always 
being jerked out of the hole. At Harris’s Navigation they used 
Ingersoll’s drills and Beaumont’s drills. Ingersoll’s drill cylinder 
had diameter of 3^ inches, and a stroke of 4^ inches; three of 
these were worked at the same time. Ten holes were drilled, each 
3 feet in depth, the sumping shots were put at an angle of 35"^ 
from the vertical, and were from 3 feet to 3 feet 6 inches deep, 
and I i inch in diameter at the top and inch at the bottom. 
It took 5 minutes to fix the drilling-machine, and from 15 to 20 
minutes to bore a hole 3 feet deep ; in the same ground it took 
three men 2^ hours to bore one hole by hand. Two men attended 
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to each machine-drill. By the use of machine-drills the sinking 
in the Pennant rock was made at the rate of 3^ yards a week, 
whilst by hand the progress was only 2^ yards a week ; no time 
spent in walling included in either case. The diameter of the 
excavation was 20 feet. For every yard sunk at this pit in this rock» 
there were required 33^ lbs. of dynamite. The brickwork was 18 
inches thick, and the diameter insi^ was 17 feet, and i yard high, 
and was built in 10 hours by six masons and four labourers. 

As an example of the difficulty of sinking in hard rock, it may 
be mentioned that at this same sinking only 2 yards a week were 
sunk and walled when in hard rock, whilst 7 yards were sunk and 
walled when in ordinary shales. This sinking is one of the most 
interesting of which a record has been published. Details are 
given by Messrs. Forster Brown and Adams, in a paper read at the 
Institution of Civil Engineers, in 1881. The area of the royalty 
(that is, the mineral estate) to be worked by this colliery is 3500 

acres, and the depth of the coal 760 yards. The two shafts were 

60 yards apart, each 17 feet in diameter inside, and the total cost 
of the sinking and plant was ^^300, 000. The time occupied in 
sinking was 6 years 3 months, divided as follows : — 

Per cent. 

Proportion of time spent in actual sinking 50*5 

V ,, „ walling 12*45 

,, ,, ,, stoppages (holidays, strikes, etc.) 18*3 

,, ,, boring drill-holes ... 2*7 

,, ,, making lodge-rooms (r>. chambers 

in the shaft-side for pumps) 16*05 


In sinking shafts for metalliferous mines, machine-drills are 
generally employed, because of the hard nature of the rocks. As 
a general rule, machine-power drills should be employed wherever 
the rocks are very hard, and hand-drilling wherever they are soft, 
like common coal-measure shales and binds. 

Speed of Sinking. — When there is a large (juantity of water 
in a sinking pit, the speed of sinking is often very slow, owing to 
the time that has to be occupied in attending to the pumps, so 
that, even if they are entirely efficient, the sinking is much 
hindered. In some cases the influx of w’ater is such thjft the 
sinkers are perpetually standing in it, often knee-deep, and it is 
obviously difficult to make rapid progress under such circum- 
stances. Attempts are usually made, if the ground is at all solid, 
to tub or dam back the water. In the case of dry or nearly dry 
sinkings, the rate of progress depends chiefly on the organization 
and the capacity of the machinery. Thus in case there is only 
one winding-engine working, as is generally the case, with one 
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rope, a good deal of time will be occupied in drawing the dirt 
after a blast For instance, a shaft 15 feet in diameter has an 
area of 176 square feet ; then, if 14 cubic feet weigh i ton, there 
are 12^ tons of material in every foot of depth, or 37^ tons per 
yard. Jf the hoppet is a large one, say 3 feet in diameter by 3 
feet deep, it will hold about 15 cwt ; it will thus require 50 
hoppets to take out i yard in depth of the shaft ; and if it takes 
4i minutes to raise a tub — say, i minute winding up, i minute 
lowering down, li minute hooking on and steadying at pit- 
bottom, li minute unhooking and changing hoppets at the pit- 
top, total minutes — then it will take 225 minutes, or say 4 

hours, to wind the material contained in i yard of strata, sup- 
posing that there is no hindrance of any kind ; but hindrances 
must always be expected. If there are two winding-engines, then 
the work may be done in much less time. As much as 20 yards 
have been sunk (without walling) in a colliery shaft in one week ; 
but 8 to 10 yards a week sinking and walling is good sinking in 
ordinary measures. 

Bricks and Stones for Shaft-lining. —Where stone is 
plentiful, it is sometimes used for building the circular lining ol 
the shaft. At collieries bricks are more common. The dimensions 
of an ordinary brick are 9 inches x 4i inches x 3 inches ; some- 
times bricks of special shape are made, say 6 inches x 6 inches 
X 3 inches. Where the ordinary -si zed brick is used, the wall is 
double, being 9 inches thick; about every fourth course are 
headers to bind the two rings of brick together. When rect- 
angular bricks are laid in a circle, the internal corners touching, 
the external corners are some distance apart ; to a\oid this the 
bricks are often made in a 
mould curved to the circle of 
the shaft (see Fig. 174). In 
shafts of small size, 6 or 8 feet 
in diameter, this is an ad van- 

tage ; but in shafts over lo feet .^^.-Circuia, bricks, 

in diameter it is not always easy 

for the masons to tell which is the shorter side of the brick, and 
he may lay it the wrong way, and for that reason rectangular 
bricks are generally used ; the wider the brick, however, the 
greater the difference between the length of the front and back, 
if curved. Where 6-inch bricks are used, one ring would be 
used instead of two 4^-inch. When laying the bricks they must 
be sheltered from the water falling down the shaft, otherwise the 
mortar would be washed away. Hydraulic lime or quick-setting 
cement should be used in wet shafts. 

Permanent lining of shafts is sometimes made of wood and 
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iron, as shown in Figs. 175 and 176. In this case the shaft is lined 
with wrought-iron rings about 8 inches deep, with an internal 
flange at the top and 



bottom ; behind these 
are placed 2-inch planks; 
wedges are placed be- 
tween the rings and the 
planks to fasten them. 
Iron cross - beams are 
fastened to the circular 
rings, by means of which 
the shaft is partitioned. 
The diameter of the 
shaft is about 15 feet 
8 inches. When seen 
by the writer in 1883, 
the sinking was in pro- 
gress, and it was in- 


tended to carry the shaft 


Fig. 175 — Plan of new shaft, Clausthal ^ depth of 800 yards. 

Tubbing and Coflfering. — 




' 


*1 



^ 

1 



SI’* 

11 


) — Section of new shaft, Ciausthal. 


Reference has been made above 
to tubbing. This is the tech- 
nical term for water-tight shaft- 
lining made fast to the strata at 
the bottom, so that the water 
I cannot enter the pit. It may 

be made \Mth brick, stone, con- 
ciete, wood, or iron ; when 
made with brick or stone it is 
? often called coffering. Cast-iron 

tubbing is the kind most fre- 
i quently employed in England in 

^ ' colliery shafts. Fig. 177 shows 

^ a section of a hillside with a 

/ X shaft sunk down to a seam of 

coal. About 40 yards below the 
^ surface is an offtake drift, or 

water-level, by which the ground 

haft, Ciausthal. drained to that depth. The 
Strata down to a depth of 50 


yards consist of binds, shales, and fire-clay, through which water will 
not readily pass. Below this a bed of rock is sunk through ; this 
rock, having many joints, and being also porous, is readily per- 
meable by water, of which it contains a large supply, because it 



SINKING. 


1 19 


crops out on the hillside, and the rainfall and water from brooks 
sink down into it, whence they pass through the rock into the 
shaft. The sinking was effected by means of pumps. Below 


this bed of rock were beds 
of shales impervious to water. 
About 5 yards below the bottom 
of the rock a wedging-curb w^ 
put in, and on this tubbing was 
built up to the offtake drift. 
The water was then excluded 
from the shaft up to and a little 
above the level where it was 
free to run off. Continuing the 
sinking, another bed of water- 
bearing rock was found. This 
rock cropped out on the hill- 
top, and yielded a copious 
supply of water. Before sinking 
through this rock, a wedging- 
curb was placed in the water- 
tight shale above it. After 
passing through the rock, which 
was about 15 yards thick, an- 
other wedging-curb was placed 
in the water-tight shales below. 
Tubbing was then built up 
from the lower curb to the 



Fig 177.— Section of shaft, showing hruk 
work and tubbing i, tubbing; 2, I rick- 
work , 3, pipe to take pressure off lower 
tubbing , 4, offtake for water ; 5, w’eclging- 
curbs , P, P2, Pi, head of water excrung 
pressure against tubbing. 


upper one, and thus the water was excluded from the shaft. The 
sinking w^as continued for a further depth of loo yards, ^^he^e 
the coal to be worked was reached. The coal and the strata 


immediately above and below being dry, the works are also dry, 
and the expense of pumping is permanently saved by the tubbing 
in the shafts. In case, however, that instead of loo yards of shales 
below the second rock and above the coal, there had only been 
30 or 40 yards, it is probable that, when a considerable extent of 
coal had been got, the roof would have broken down and the 
water in the rock w'ould come into the woi kings, causing great 
expense by its softening action upon the roof and floor and pump- 
ing required. Thus the expense of the lower length of tubbing 
would have been worse than useless, because it would be better to 
dram the rock by pumping at the shaft and have the workings dry. 

What thickness of water-tight strata is necessary can only be 
ascertained by experence in each particular district, because the 
results obtained vary greatly. In the South Wales Coal-field 
tubbing is rarely employed, w^hereas in North Wales and in 
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England it is very frequently employed. At a certain Yorkshire 
colliery, the coal, 4 feet thick, lay 60 yards below a heavily watered 
bed of rock, which was tubbed at the shafts. The coal was worked 
longwall, and there was plenty of dirt for making packs and stowing 
the goaf, and the water from the rock above did not come down 
in any large quantity. At another colliery the coal, about 5 feet 
thick, was about 60 yards below a \fater-bearing rock. The coal 
was worked pillar-and-stall ; some packs were built, but not so 
many as in the first instance. Occasionally the water from the 
rock above, which was tubbed at the shafts, broke in, causing 
great expense. In some cases a thickness of 30 or 40 yards of 
shale are sufficient to keep the water from breaking through into 
the workings below, and in others it is probable that 100 yards 
would be insufficient. It is evident that the thickness required 
will depend not only on the nature of the shales, but also possibly 
upon the head or pressure of water in the rock, and upon the 
thickness of the seam of coal and the method of working. Thus 

if 2 feet of coal only 
v\ere extracted, and the 
goaf tightly packed, 
there might be no frac- 
ture of the strata ; 
whereas if 12 feet ot 
coal were got, and no 
packs, there would be 
very serious fracture of 
the strata. 

Cast - iron Tub- 
bing. — Fig. 178 shows 
some tubbing in plan 
and section. A wedg- 
ing curb IS a cast-iron 
ring varying from 9 
inches to 3 feet in width, 
but seldom exceeding 
2 feet, and commonly 
about 15 to x8 inches 
m width, and 7 inches 
jn depth ; it is hollow inside, the metal being about 1 ^ ipch thick. 
There is a rebate, or step, a, on the inner side i inch wider than the 
width of the base of the tubbing-plate. If another length of tubbing 
has to be brought up to this curb from below, there is then also 
a rebate on the under side. The curb is cast in segments of con. 
venient length, say 5 feet Where the curb has to be placed the 
shaft is belled out, so as to leave a space 3 or 4 inches in width 
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at least at the back of the curb. The wide excavation is carriedl 
sufficiently high to allow the free use of a hammer ; the curb-bedl 
is cut out with a pick-axe, chisel, and wedge so as to avoid the 
shattering action of explosives. It is carefully levelled ; a sump) 
is left in the middle, in which the water-barrel may dip. The 
segments of the curb are placed in a circle ; between each joint 
is placed a board of soft pine about f or ^ inch thick. Im 
order that the curb may be placed round the centre, an iron pirn 
is fixed in the middle of the shaft (in a beam fixed across the- 
sump) by means of a centre-line and plummet A rod called a 
trammel is fixed by a collar over this pin; the end of this rod is 
moved round to see that each segment of the curb is an equal 
distance from the centre ; blocks of yellow pine are placed with 
the grain vertical all round the curb between it and the strata, 
and tightly hammered 
down. These blocks 
are then wedged. The 
wedges are made of 
pitch pine (see 
Fig, 179); they are 7 
inches long, 2^ inches 
wide, i inch thick, 
and tapered to a 
knife - edge at the 
bottom. To make these wedges 
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Fig. 179. — Tools used for tubbing. 


a resinous piece of pitch 
pine is selected, and cross-cut into blocks as thick as the length 
of the wedges ; it is then split up, and the splinters carefully 
shaved and sharpened ; these are then dried for some weeks or 
months, say in the boiler-room, and they become hard. These 
wedges are carefully driven in so as not to break them before 
they are driven up to the head. The wedging is done equally all 
round the shaft, the trammel being used to see that one segment 
is not driven nearer to the centre than the other; the blocks 
soon get too hard to admit wedges. Then a steel chisel (see 
Fig. 179) is driven into the blocks and extracted by the forked 
lever c\ the wedge is immediately put in the hole thus made,, 
and driven in. As the wood gets harder it is necessary to 
use a two-handed hammer, //, to drive in the chisel, and the 
man has to jump on the extracting lever to get the chisel 
out At this stage the long wedges cannot be driven home, 
and shorter wedges, 4^ inches in length, are then used. The 
opening chisel is put in by holding it with the left hand and 
striking it with the small hammer till it just sticks in the top of 
the wedging ; it is then struck with a two-handed hammer ; if, instead 
of going in, it springs out, the wxdging is sufficiently hari 
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It will take 72 hours, six men working at a time in 8-hour 
shifts, to wedge such a curb in a shaft 13 feet internal diameter. 
On the top of the curb the belled-out space is now filled up with 
brickwork set in cement or cement concrete, and grouted with 
cement all round, so that the wedging is securely covered up and 
kept down. The tubbing-plates, cast in segments of a convenient 
size (see Fig. 178), are now built up in a circle on the rebate of 
the curb ; underneath each plate is a piece of board of yellow pine 
f inch thick, with the grain pointing towards the centre of the 
shaft, and between each segment is a similar piece of board with 
the grain pointing towards the centre of the shaft. Long wedges 
are placed vertically behind the plates, the thick end of one wedge 
being put to the bottom, and then the other wedge driven down, 
liners being placed in the space if necessary ; there will be a wedge 
at the centre of each plate and one at each joint. By driving in 
these large wedges the segments are squeezed tightly together. 
Some ])itch pine wedges about 4^ inches long are now driven into 
the vertical joints to make them tight. The tendency of these 
wedges is to widen the circle, while the tendency of the long 
wedges at the back is to close the circle ; if the circle is too much 
widened, additional w^edges must be put behind. When the 
vertical joints are thus made tight, the holes behind the tubbing 
may be filled up. This filling is sometimes done with any harm- 
less material at hand, such as small shale, fire-clay, etc. ; sometimes 
cement concrete is put in; other engineers prefer to fill up 
with finely riddled garden soil. The next ring of tubbing is now 
placed on the top of the first, wooden sheathing being placed in 
all the joints as before, the vertical joints of the second ring being 
in the middle of the plates of the lower ring ; long wedges are 
driven in behind, and short wedges in the vertical joints as before, 
and the operation repeated until the tubbing has been carried up 
to the water-level or to some wedging-curb. When the tubbing 
stops at an upper wedging-curb, unless the length has been care- 
fully calculated, it may be necessary to have a length of tubbing- 
plates cast to make up the length. It is difficult to put wedges 
in behind the top ring of plates when it ends with a wedging-curb. 
The space behind this last ring may be filled up with cement 
concrete, so that the plates cannot be driven back by the wedging. 
After the length of tubbing has been all fixed, the horizontal joints 
may be wedged (it is evident that it would have been useless to 
wedge these previously, as the plates would have been merely 
lifted). It will probably be necessary to go over the vertical 
wedging again, and both horizontal and vertical joints will have 
to wedged two or three times before the wedging is water-tight. 
When this is done, the hole in the centre of each plate may be 
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plugged with a round block into which small wedges are driven. 
It is usual to fix a tap in one of the plates of the tubbing, and to 
carry a small pipe, say 2 inches in diameter, up to the water-level 
The object of this pipe is to relieve the tubbing from any excess 
of pressure. Whether or not it has any such effect may be doubt- 
ful ; it serves, however, the purpose of indicating the pressure of 
water at the back of the tubl 5 ing, and also may be convenient in 
case a supply of water is required. 

Design and Strength of Tubbing.— Design B (Fig. 180) is 
a very good one. The dimensions are given on the figure, which 
shows a back view of the plate and the section. AVhen the plate 
is fixed in the shaft the 
ribs or flanges are not 
visible, the front of the 
plate being quite smooth. 

The strength of the plate 
to resist bending pressure 
lies in the ribs. The front 
plate connecting the ribs 
prevents the water entering 
the shaft; it will be seen 
that in a plate 2 feet 6 inches high there are five horizontal ribs, 
and in a length of 5 feet 2 inches there are five vertical ribs. These 
ribs are stiffened by brackets. The lower flange or rib is 5 inches 
wide, the upper rib is 5^ inches wide, and has a flange about 
f inch thick standing up at the back about f inch high; this flange 
is continued down one side of the plate, and serves as a guide 
against which the next plate can be placed ; it also prevents the 
wedging from driving the wooden sheathing back. In the centre 
of the plate is a hole through which the water can pass until the 
joints have been securely wedged; it is also convenient as a 
pin-hole for a shackle when lowering the plate down the pit. 

Width of Ribs. — The following rules for the design are in 
accordance with actual practice : the ribs, or flanges, to be not less 
than 4 inches on the bed for a shaft up to 10 feet in diameter; 
4^ inches for 10 feet to 13 feet; 5 inches for 13 feet to 16 feet (see 
Fig. 180) ; 5i- inches for 16 feet to 19 feet ; 6 inches for 19 feet 
to 22 feet 

Thickness of Plate and Ribs.— The following is a rule 
given by Greenwell for the thickness of the plate.^ The ribs, or 
flanges, are all made the same thickness as the plate. Let D equal 
the diameter of the shaft in feet, and P equal the depth in feet 
below the water-level, x equals the thickness of the plate in feet ; 

* This rule is much quoted by writers; it is, however, obvious that to be use- 
ful it must be combined with other rules as to design and width of ribs, etc. 
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Fig. tSo. — Tubbing-plate, design F>, back 
elevation and vertical section. 
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P X D 

then + 0*03 foot = :r. If P = 300 and D = 14, then 

*100 X 1 4 

9 7 ^ ^ o‘ii4, which is the thickness of the plate in 

feet. This multiplied by 12 = i’368 inch, or say if inch. If 
the plate is made on design B, with the width of ribs above 
given, and with the thickness of the plate and flanges according 
to this rule, and properly put in, it will never burst. Another 
design, A (Fig. 178), is similar to B, except that there are only 
three ribs instead of five, and the plate is therefore a little lighter ; 
for very shallow depths the thickness given by the rule is too 
light, as it might be accidentally broken. For these shallow 
depths, therefore, the plates may be made thicker, and design 
A employed ; in this case the thickness of the plate should be 
50 per cent, stronger than that given by Greenwell’s rule. This 
rule is useful for rough-and-ready calculations, but it is evidently 
not very accurate, because the thickness of the plate varies directly 
as the depth, while the strength to resist bending given by increased 
thickness is more than in direct proportion to this thickness. 

It is evident that tubbing made according to the above rule 
will not give the best possible disposition of the iron, in the 
case of deep shafts, where the tubbing is 200 yards and upwards 
in depth, and that the right way would be to increase the width 
of the flanges. Thus if a rib, or flange, is 5 inches wide (the thick- 
ness of plate is in all cases included in the width of the rib) — and 
that is a suitable width for a depth of 200 feet — then for a depth 
of 600 feet the width of the rib ought lobe increased. If the ribs 
are regarded as girders, their strength will follow in proportion 
to the square of their width ; thus a rib 8 inches wide will be 
four times as strong as a rib 4 inches wide ; but if the ribs and 
plate are regarded merely as the stones of an arch, then their 
power of resistance will be in direct proportion to the weight of 
metal in the plate and horizontal ribs. It is best to take a 
middle course between these tw^o points of view. If, therefore, 
the thickness of the plate and ribs is increased in proportion 
to the square root of the pressure, and the width of the flanges 
also in proportion to the cube root of the pressure, we shall get 
a plate more calculated to resist the variety of strains than if 
the thickness only is increased directly as the pressure. Thus a 
rule might be made as follows : — 

X = thickness of plate in inches for a depth of 200 feet. 

P = depth in feet. 

D = diameter of shaft in feet. 

y - thickness of plate for depths greater or less than 200 feet. 
z = width of ribs for depths greater or less than 200 feet. 
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ti - width of rib for 200 feet depth (:5ee Fig. 180). (See also 
first rules for design, p. 123.) 


P X D , , . , . „ 

vv f- A inch ; or, since P = 

4000 ^ 

200, then X = — + 1 inch 
’ 20 “ 

II 

X 

J 

0 

0 1 

» 

a/— 

^ X V 2 ^ 

The following are the width of ribs (including front plate, Cr 
web), and the thicknesses of plates and ribs by the above rules 
for a 14-foot shaft: 

Depth. Thickness 

TOO feet ... 072 inch 

Width of ribs. 

4*00 inches 

200 „ ... 1-03 ,, 

300 „ ... 1-26 „ 

600 „ ... 178 „ 

900 „ ... 218 „ 

5*00 

5*75 •• 

7*20 

830 ,. 


This rule for design B is suitable for all depths and diameters, 
and gives a very strong plate without undue weight, because of 
the«width of the ribs. 

In calculating the pressure, it is necessary to consider the 
height of the source of the water (see Fig. 177). In this case the 
water, pressing against the lower length of tubbing, comes in a 
rock that crops out on the top of the hill, and the pressure against 
the tubbing will be that due to the depth from the top of the hill 
to the bottom of the tubbing. 

Faced Tubbing. — Tubbing has been made with internal 



Fig. x8i. — Tubbing- plate, inside flanges. 

flanges (see Fig. 181), the vertical joints planed and the segments* 
united with bolts, the entire ring of plates being then placed on a 
lathe and turned ; in this way a whole length of tubbing may be 
accumtely fitted. Bolts unite the horizontal joints. A layer of 
soft felt soaked in tar, J inch thick, is placed in each joint ; when 
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the bolts are tightened, this felt is squeezed, so that the plates 
seem to touch. 

In putting in tubbing of this kind, wooden sheathing is placed 
on the horizontal joint on the rebate of the wedging-curb, and 
also on the top of the highest ring of tubbing, and these two are 
the only joints that require to be wedged. The plates, being all 
numbered and marked, can be put together in the pit as quickly 
as they can be lowered and with very little labour. In the top 
ring the last plate is made in two pieces (see Fig. i8i), and a 
2-inch strip of iron is inserted in the middle; the sides of this strip 
and of the adjoining edges of the plate being parallel, the strip can 
be pushed in when all the other plates are in position. Bolts 
pass through this strip and through each of the adjoining flanges, 
and so it is held securely. The advantage of this kind of tubbing 
is the rapidity with which it can be placed in position, and its 
strength, because of the support that each plate gives to the next 
one through the bolts, and there is no strain on the tubbing as 
the result of wedging, but simply that due to natural causes. It 
is probable, however, that this bolted tubbing will be more ri^d 
than wedged tubbing, and therefore less likely to yield to any 
movement of the ground; on the other hand, if it does crack, 
the fragments will not fall out.' 

Against the advantages of this species of tubbing must be put 
the extra cost of machining the joints. 

In order to provide for pumping and other machinery, it is 
necessary in every long length of tubbing to put in wall-boxes 

(see elevation and section. Fig. 182) 
or rings with internal flanges ; cross- 
beams can be rested in these 
wall-boxes. The depth should be 
about 2 feet, and the width of the 
wall-boxes inside the plate 10 
inches. The vertical ribs arc 
I lu. 182. -Wall -box, 5 feet X 2 feet, shown I foot upait, witli intcrmc- 

diate brackets to prevent the 
flanges being broken by the pressure of the wedging. For very 
heavy machinery wider wall-boxes must be put in resting on and 
securely fastened to the solid ground. 

Coffering. — Fig. 183 shows a cast-iron wedging-curb on 
which is built an internal brick wall 9 inches thick laid in cement, 
and an external brick wall 4^ inches thick. Between these walls 
is poured a mixture of sand and cement, making a water-tight wall. 
A modification of this is to use stones instead of brick. Another 

‘ The writer believes he was the first to introduce this kind of tubbing, at 
a colliery la North Wales, in the year 1873 ; it is still perfectly sound. 
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modification is (see Figs. 184 and 185^) to build a brick wall 14^ 

inches thick, of three rings each 4^ inches and two spaces each 

i inch, these spaces being grouted with cement, the middle 

4i-inch ring having its courses 

half a brick higher than the 

external rings, so as to break 

the horizontal joint. Another ///y 

method described by Mr. Emble- hD Wu 

ton, in his paper to the Midland hq "" ^ "fllj 

Institute, is shown in Fig. 186, 

which gives the dimensions. • y^// \ 

This stone tubbing consisted of j ! 

ashlar, carefully dressed like the i 1 

stones forming the arch of a « ; 

bridge, laid in cement, forming a j j 

wall 9 inches thick. The stones | 

of every fourth layer were per- ^ .'32; /2J 

forated with one hole in the Si 

centre to let the water through ; T 3 ' 

as the walling w’as built up these VI -I-p 3 ' 

holes were filled with wooden 

plugs. The depth to the bottom - S cast .son curd 3 " 

of the tubbing was 44 yards i t ~'I 3-tV 

foot 3 inches, and the total cost 

amounted to i o 16s, per yard, v/ • : ^ ^ < / . 4 h ^ 3 

The space at the back of the CfUB cas^ .rw curb 
stone wall was filled with riddled X ^ 

soil. After the wall was com- 

pleted, the shaft was quite dry, — Brick-and-cement coffering. I 

and a hole bored through one brick 9 inches thick ; 2, cement 3 inches 
r^i J , J ^ thick ; 3, brick 4+ inches thick. 

of the w ooden plugs proved that 

the soil kept the back of the wall quite dry. A wedging-curb 
is always the foundation of this coffering. 

Wooden Tubbing — Wooden tubbing (see Fig. 187) is 
commonly used in France. It is made of wooden blocks sawn 
out of the best heart of oak. Each block is 3 feet long and 9 
inches square ; the joints are cut in radial lines, so that, w^hen 
placed in the shape of a dodecahedron, the blocks fit together and 
cannot be pressed inw'ards. Each block is carefully planed, so that 
the joints are quite close. The curb is w^edged in a different 
manner to English wedging-curbs. It is made of wooden blocks 
like the rest of the tubbing; the space between the block 
and the ground, being say 6 inches or more, is partly occupied by 

' “Coffering of Shafts,” by W. N. Griffiths, N.E. Institute Mining 
Engineers. 


Fig. 183. — Brick-and-cement coffering. i 
brick 9 inches thick ; 2, cement 3 inches 
thick ; 3, brick 4+ inches thick. 


A wedging-curb 
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a piece of wood, say 2 inches thick ; between it and the ground 
the space is filled in with compressed moss ; between the second 
piece of wood and the curb, wedges are placed and driven in, 



Fig. 184. — Brick-and-cement coffering. Fig 185.— Section of coffering. B, back 
casing of ^-inch dry bnckwork put in while sinking ; D, puddled clay ; K. three 
rings of bnckwork in hydraulic mortar; F, two rings of hydraulic mortar grouted in. 


which compress the moss ; against the ground two or more curbs 
are wedged, and the space at the back of the blocks is filled up. 
When all the blocks have been placed in position up to the top, 
they finish underneath a brick or stone wall going up to the surface. 


* 5 * * 8 . 




Elevation of stone wallisg. Plan of stone walling. 

Fig. 186.— Stone coffering, x, concrete backing ; 2, holes to relieve water-pressure ; 

3, stone walling. 

On the top of the last ring of blocks is placed a series of short 
vertical screws working in nuts like a screw-jack. The screws 
all round the shalt are tightened simultaneously, so that all the 


SINKING. 


129 


tubbing is tightly pressed down. The space above them is then 
filled up with blocks carefully cut to fit, the screws being with- 
drawn m turn. The tubbing is now caulked, like the caulking of 
a wooden ship : the joints are opened with a chisel to a depth of 
I J inch, and into this hemp steeped in tar is forced with a caulking- 
tool. The late Sir W. W. Smythe described an instance of 
wooden tubbing put in at a idepth of 524 feet The French 
engineers prefer wooden tubbing, but the late Professor Gallon, of 
Paris, said that in very deep mines iron was to be preferred, owing 
to the difficulty in getting timber of sufficient strength. It is 
probable that, if there is any movement of the strata, wooden 
tubbing would be more easily repaired than cast-iron tubbing. 

Quicksand. — The ordinary operations of sinking are often 



impeded by quicksand, which runs into the shaft like water, so 
that it is impossible to make it any deeper. This difficulty is 
sometimes overcome by a system of piling (see Fig. 188). In 
this case a w^ooden ring or curb of oak about 9 inches wide, 6 
inches thick, and say 30 feet in diameter, is laid on the ground. 
Outside this and round it, piles, which consist of deal planks 
sharpened at one end, about 9 inches wide and 3 inches thick, are 
driven vertically down as deep as possible without breaking the 
piles. The ground inside the piles is now excavated, and an 
additional curb is plactd inside, say 2 or 3 feet below the first. 
As the excavation proceeds, other curbs are placed inside the 
piles to prevent them being squeezed in. When the excavation 
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has proceeded to a depth of say 3 feet less than that of the 
piles, another curb is laid inside the last, of less diameter, just 
leaving space for a row of piles to be driven down between the 
two curbs ; another row of piles is now driven down all round, 
and the excavation proceeded with, internal curbs being placed in 
these as in the length above. The diameter of the shaft is rapidly 
contracted, as each set of piles reduces the diameter abput 2 feet. 
This method of piling will not answer if the sand is very quick. 

In order to keep the shaft the same width, the piling system 
has been modified in some places, as shown in Fig. 189. In this 
case the piles are driven at an angle of about 40^ from the 
vertical on each side of a square frame. The shaft is then 
deepened, another square frame put in 2 or 3 feet below the first, 
and another set of slanting piles driven in, and so on till the 
solid ground is reached. This system also is inapplicable where 



qUiC KSAND 

Fig. 189.— Piling in quicksand. 



Fig. 100.— Quicksand sinking with 
graubcr. i, pulley; 2, grabber; 
3, brick walling; 4, cast-iron 
foot. 


sand is very quick. Where the piling system would not succeed, 
the plan shown in Fig. 190 has sometimes been adopted. In this 
case a brick wall, varying, according to circumstances, from 18 
inches to 3 feet in thickness, is built upon a cast-iron curb 
with a sharp flange on the under side forming a cutting edge ; the 
curb and wall above form a circular shaft ; the wall is built up 
above the surface of the ground. The interior is then excavated, 
and the weight of the wall forces the cutting edge Into the 
ground. The internal excavation is carried on as deep as is 
practicable, the weight of the wall causing the cutting edge to be 
several feet deeper than the excavation. As it sinks, the length of 
wall is increased by building on the top. The descent of this 
circular brick wall is sometimes guided by wooden guides on the 
surface, and sometimes steadied by ropes and screws attached to 
it If the cutting edge is a sufficient distance below the excava- 
tion, the sand may not run in so quickly as to stop the sinking 
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But in order that men may work on the excavation, it is neces- 
sary to pump out the water. This pumping causes the sand 
to flow rapidly, and may make it impossible to continue the 
work. 

In order that the work may be done without pumping the 
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Fig 1 91 — Pneumatic sinking, showing section of shaft during application 
of hy draulic ram 


water, it is necessary to send divers down who can work under 
water. With the shaft full of water the sand does not run. 

In sinking through sand, this method presents no great 
difficulty if the depth does not exceed 80 feet. But if boulders 
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are met with, and the depth exceeds 8o feet, considerable difficulty 
is sometimes experienced. 

Fig. 190 shows a grabber, or mechanical excavator, employed 
to excavate the sand whilst the shaft is full of water. This 
method has been attempted, but with what success the writer does 
not know. 


Another plan is the pneumatic system, which was carried out 
by the writer at the Bettisfield Colliery, in North Wales, of which 

the late Mr. J. T. Woodhouse was the 
consulting engineer. 

I j * j Fig. 19 1 shows a section of a 

i I * ^ shaft made of cast-iron plates bolted 

Cj, l|*' ^ t!^)! I together by means of internal flanges, 

=~JEi> the joints wedged to make them 

|| I I !o° . watertight. At the bottom of this 
shaft, which was 13 feet in diameter, 

' 1= J * ^ cast-iron cutting edge, shown 

2 I Fl Iff 11 ll ’\\\ % T ? in Fig. 192. On to a flange or 

II shelf of this cutting edge was built a 

1(11 reducing the diameter of the 

1 ^. / A - shaft to 6 feet ; upon these were built 

IE jl^||oiA cast-iron tubes 6 feet in diameter. 

- At the top of this internal tube vias 
the air-lock, as shown in Figs. 191 
and 193. This air-lock had two trap- 
doors — one opening downwards com- 
municating with the atmosphere, and 
the other opening into the 6-foot 
tube. 

Compressed air was blown in 
through the tap A (hig 193) into the 
6-foot tube. The artificial pressure 
F iG 192 — Bell air-cyiinder and tlius produced forced the w^ater in the 

shaft out again, through the sand, or 
by the 3-inch draining-tubes. The w^ater being out, a man could 
enter the air-Iock by the trap-door on the top. It was then closed. 
By opening a tap, he admitted air from the 6-foot tube into the 
lock. When the pressure in the lock w^as raised to that in the 
tube, he could then open the side door and leave the lock, when 
he would be lowered down to the bottom of the shaft by the 
windlass shown in Fig. 194 Materials could be sent in, and sand 
and other excavated stuff be sent out, through the air-lock without 


m 


F IG 192 — Bell air-cylinder and 
tubbing 


reducing the pressure m the bell. Whilst the pressure of the air 
forced the water out, it also tended to lift the belL In order, 
therefore, that this might descend, it was necessary to let the air- 
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Fig. 193. — Air-lock. 


pressure out, when the weight of the cast iron would cause the 
whole cylinder to descend. In order to increase this weight, 
bricks were placed in cross-bars between the 
6-foot cylinder and the 13-foot cylinder, as 
shown in Fig.hpi. 

After lowering the cylinder sa/ 2 feet, the 
air-pressure would be blown in again, forcing the 
water out through one of the pipes provided, as 
shown in Figs. 191 and 192, and the work of 
excavation resumed. In passing through some 
clay and gravel, the cylinder stuck, and six 
hydraulic rams, capable each of applying a 
pressure of 60 tons, were applied to force the 
cylinder down, as shown in Fig. 191. The rams 
pressing upwards against the large frame, it was 
kept down partly by the weight of bricks placed upon it, and 
partly by attachment to piles, as shown in Fig. 194. Upon 
reaching solid ground, a wedging-curb was placed, and plates were 
carried up from the wedging-curb to the under side of the shelf- 
plate, to which the bell 
was attached. When 
the water-tight joint 
was thus completed, 
the 6-foot cylinders 
and the bell were re- 
moved, and a sound 
and dry shaft was com- 
pleted. 

The sinking of cy- 
linders by the pneu- 
matic process has been 
frecjuenlly adopted for 
bridge foundations and 
other purposes. In 
such cases, however, 
the cylinder is simply 

taken down a sufficient l lo. 194 —Surface arrangement. 

depth, and then filled . . , , ^ 

with concrete. In this case a water-tight joint had to be made 
with the strata at a depth of 102 feet, involving a pressure o 
four atmospheres, or 45 lbs. above the ordinary pressure. 

This operation is probably the only one ot the kind yet per- 
formed in the mines t f this country. , , , . : j 

In working under pressure, great care has to be taken 
ill effects to the workmen. They must be physically sound, and 
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well-fed. At a pressure of say 15 lbs. they may work four-hour 
shifts ; at a pressure not exce.*ding 30 lbs., thrcc-hour shifts; and 
exceeding that pressure, tmhour shifts. Great care must be 
taken to avoid catching cold, especially in coming out of the 
air-lock; they must avoid the use ot intoxicants. This is probably 
the cheapest way of sinking throu|;h quicksand when it is met 
with near the surface. 

Sometimes a bed of quicksand is met with unexpectedly at 



he. 195. — Poctsch’s sy‘!tcra of sinking, i, fre-e/ing-tiib***. , 7. 3, ammonia 
process, 4, rciurn-pipc; 5, fecd-pipc tic.. 195a. — Lrilargcd view of 
frcczing-tubc. 


a considerable depth below the surface, where it is exceedingly 
difficult to use any of the systems above described. A very 
ingenious method has been devised and put in practice by M. 
Poetsch. His method consists in freezing the water and quicksand 
into a solid rock. Figs. 195, 195^1, and 196 show the mode of carry- 
ing out this system. This process has been applied at a number 
of pits in Germany. The following table, No. V 11 ., is copied from 
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a paper by M. R. de Soldenhoff, printed in the “ Proceedings of 
the South Wales Institute of Engineers,” vol. xv. pt. ii., from 



Fig. 196. — Poetsch’s system of freezing bore-holes. Plan: black dots show 
bore-holes ; volume comprised within the outer curved line to a depth of 135 
feet 7 inches i» about 149,030 cubic feel. Section : the black lines repre- 
sent bore- holes. 

which it will be seen that the process has been applied to beds 
of quicksand loo feet in thickness : — 


Table VII. 


Names of 
pits where 
the process 
has been 
applied. 

1 Thick- 
ness of 
strata 
above 
the 

quick- 
sand. j 

Thick- 
ne'«s of 
quick- 
sand. 

1 

1 

Number 
of days 
occupied 
m freezing 
the 

quicksand 

1 

Form of the 
shaft 1 

1 

j 

Size of 
[ shaft. 

Total 
cost of 
freez- 
ing 

Cost per 
yard. 


ft in 1 

■ 

ft in. 



ft. in ft. in 

c 

£ s. d. 

Archibald . ' 

100 7 ' 

18 0 

20 

rectangular 

II 4 X 15 6 

1056 

176 2 8 

Centrum . 

14 10 

100 0 

S7 

rectangular ' 

66X110 

2000 

60 0 0 

Emilie 1. ... 

7 

95 4 

zo 

circular | 

7 8 dia- 
meter 

[ 2000 

62 19 3 

Emilie II. ... 

29 7 

95 4 

30 

elliptical ! 

79X132 

2000 1 

1 62 19 3 

Houssa 

196 4 

39 4 

unknown 

yet 

circular 

1 

16 b dia- 
meter 

1680 j 

*35 2 6' 

1 


* Practically, the thickness of the solidified hotly was 69 feet instead of 39 feet, 
and in that case the cost per yard would be reduced from j^i35 2 s. to 

£n IJ. 
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The Archibald Pit was a rectangular shaft 19 feet 6 inches X 
13 feet, the ordinary strata being 106 feet deep, below which was 18 
feet of quicksand. Twenty-three freezing-tubes were sunk into the 
quicksand ; each tube was of wrought iron, 8 inches in diameter, 
and when sunk to the required depth was stopped up at the bottom 
with a plug, as shown at a, Fig. 195^. This plug was composed 
of several layers of lead, cement, and pitch, so as to make the 
bottom quite water-tight. Inside ‘each of these tubes was an 
internal tube (/^, Fig. 195^), connected with the main cold-water 
tube ( 3 , Fig. 195). The external tube was connected with the 
main return tube {c, Fig. 195). When all these twenty-three tubes 
were fixed and connected, a freezing solution was forced down the 
tube and so into all the internal tubes. This, escaping at the 
bottom, returned up the larger tubes and back up the main return 
tube e to the freezing apparatus. In this way the temperature 
of the tubes was reduced to about 25° Centigrade below freezing, 
the temperature of the returning fluid was 19° Centigrade below 
freezing, and all the water near was gradually frozen, so that in 
about thirty days the entire mass was frozen. The sinking was 
then carried on as if in rock. The solution that is used is water 
in which chloride of calcium has been dissolved, making a strength 
of 40° Baumd This solution freezes at a temperature of 40° 
Centigrade below freezing, or about 40° below zero on the 
Fahrenheit scale. The freezing is produced by means of the 
Carre, or ammonia process. It is evident that, whilst this system 
has been successfully employed in several places, there may 
be difficulty with it in others, for the following reasons : If the 
water is pumped out of the shaft, then the quicksand will rise up, 
if it is really quicksand, and fill the shaft to a considerable depth ; 
and if the ])umping of the water continues, and there is a stream 
of water, it may take a long time to freeze the bottom of the pit. 
If, on the other hand, the water is not pumped, and the shaft is 
allowed to get full of water which is stationary, the water in the 
shaft will impart heat to the cold pipe, and so prevent the freezing, 
unless this cold pipe has been previously covered with a non- 
conducting material to keep the solution cold. 

In 1892 a sinking by this process was made at the Lens 
Collieries, in the north of France, of which a description was given 
in the Federated Institute, by Mr. N. R. Griffith. At this place 
(see Fig. 196) the strata was soft and water-bearing, not quick- 
sand, and it was desired to freeze it to a depth of 137 feet below 
the surface. The shaft was sunk in the ordinary way to a depth 
of 82 feet, when the water overpowered the pumps. Freezing- 
tubes were then put down in bore-holes, in the shaft-bottom, to 
the desired depth ; freezing-tubes were also placed in bore-holes 
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round the shaft. These holes were lined with sheet-iron casing 
^ inch thick. At the top they were 14 inches in diameter, 
decreasing to loj inches in diameter, and finally to 8 inches in 
diameter at the bottom. The freezing-tubes placed in the bore- 
holes were flush-jointed, wrought-iron lubes, 4J inches in diameter, 
closed at the bottom ; and inside each of these tubes was another 


wrought-iron tube inch ip diameter, with two slotted open- 
ings opposite to each other, at the bottom. The number of bore- 
holes in the shaft was eight, and those outside twenty in number, 
all the bore-holes being within a circle of about 35 feet diameter ; 
but the freezing effect was supposed to extend 3 feet further on 
each side, making a total diameter of about 41 feet. In this case 
the water in the shaft stood level full during the operation of 
freezing. The temperature of the freezing fluid, which was a 
20 per cent, solution of chloride of calcium, was 12® Centigrade 
below freezing as it left the cooling cistern, and 9° on its return, 
so that the temperature at the bottom of the bore-holes would 
probably be about 11° Centigrade below freezing. The freezing 
operation at this place was calculated to take 120 days. 

One of the difficulties in the use of this system is the main- 
tenance of perfectly water-tight tubes and joints, because an escape 


of the freezing solution permeates 
the ground with an uncongealable 
solution. To get over this difficulty, 
M. Gobert has designed a modifi- 
cation of the process, which consists 
in sending the liquid ammonia itself 
dowm the internal tube, which would 
evaporize whilst in the tubes and 
produce the required cold, say 30° 
Centigrade below freezing. The 
greater cold produced by this pro 
cess would lead to a saving of time 
The ammonia after leaving the 
tubes is compressed and cooled in 
the ordinary manner. 

Deepening of Shafts. — It fre- ; 
quently happens that it is desirable 
to deepen the shaft whilst it is being 
worked in an upper seam. One 
method of doing this w^as adopted 
at the Lieven Colliery, in the north 
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Fu.. 197 — Ltsbet’s system of deepening a 
working shaft, i, tul e through which 
bowk can pass ; 2, sinking-bowk ; 3, 
brattice dividing shaft , 4, cages ; 5, 
ventilating tube,z7ii^^ plan , 6, concrete 
round both tubes , 7, sinking opera- 
tions. 


of France. In this case two holes 


were bored through the shaft-bottom, and a tube fitted into each, 
as shown in Fig. 197. The larger of these holes has a sufficient 
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diameter for the sinking hoppet, the smaller for ventilation. 
Workmen sent down the larger tube enlarge the hole to the 
dimensions of the shaft exactly under the shaft above. The 
sinking then proceeds without interiuption to the working shaft, 
above which it is bratticed so as to separate the sinking hoppet 



from the cages; at the 
same time, the water 
from the shaft above 
cannot get into the sink- 
ing below. 

Another method is 
shown in Fig. 198. In 
this case an inclined 
road is driven from the 
workings to a chamber 



made under the sump 
of the working shaft. In 
this chamber is erected 
an engine which may 
be conveniently driven 
by comfiressed air, 
though steam, electri- 
city, or water might be 
used. By very careful 


Fig. 198.— -Method of deepening working shaft Top Surveying, Or perhaps 

by bore-holes, the ex- 


tension of the shaft is 


set out exactly in the right place, and the sinking then proceeds 
as if from the surface. 


Kind-Chaudron. — It frequently happens in coal-mines that 
the upper strata are heavily charged with water, whilst the lower 

strata, in which the 
coal exists, are en- 
tirely protected from 
water bv impermeable 
beds of shale. To 
take an extreme in- 
stance, at the Mars- 
den Colliery, near 
Monkwearmouth, the 
pits were sunk through 

Fig. igg. — Limestone over coal measures (Marsden). magnesian lime- 

stone of the Permian 

formation (see Fig. 199). The shafts were not far from the sea and 
the limestone extended under the sea, and, being full of joints. 
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permitted the free access of sea- water. It was impossible to sink 
the shaft, though it was nearly filled with large pumps. In some 
mining districts, as, for instance, in the north of France and West- 
phalia, the coal-fields are overlaid with chalk (see Fig. 200), 
containing a very large supply of water, the coal measures below 
being perfectly dry. Therefore, whilst on the one hand enormous 
pumping machinery would be required to sink through the chalk 
in the ordinary way, when once the shafts were finished and 
properly tubbed no pumping at all would be required. To meet 
this contingency, Herr Kind, a well-known German engineer, 
and M. Chaudron, a well-known Belgian engineer, succeeded, in 
the year 1854, in devising a successful mode of sinking shafts 
through water-bearing strata, and of putting in water-tight tubbing 
down to the dry ground, without doing any pumping at all The 
manner of doing this is as follows : The shaft is bored, as if it 



Fio. 200 —Chalk over coal measuic (Westphalia). 


were a bore-hole, by chisels fastened to boring-rods driven by a 
steam-engine in the manner already described for smaller borings. 
The arrangement of machinery on the top, though considerably 
modified, is somewhat similar to that shown m Fig 77 — one 
steam-engine working the boring-beam up and down, and another 
steam-engine winding the sludge-tank, or cleanser. It has been 
the usual plan to make the shaft by first boring a hole of small 
diameter, say 5 feet, and then enlarging it to the full diameter 
of say 16 feet. The boring-tool is called a trepan; that for the 
5-foot hole is shown in Fig. 201, and weighs about 8 tons. It 
is made of forged iron,^ and steel teeth are fitted in. The engine 
working the boring-beam has a cylinder about 40 inches in diameter, 
and 40 inches stroke, and makes say from eight to twenty strokes 
a minute. After working some time, it is necessary to send down 
a sludger, the same as in boring small holes. This is shown in 
Fig. 202. It is lowered down by a rope instead of rods. To 
enlarge the hole, a bigger trepan is used (see Fig. 203), weigh- 
ing 16 tons. The debris from this large trepan falls into the 

* Messrs. Krupp now make the trepan of cast steel, which they say is 
much stronger, thus permitting a greater drop, and faster work. 
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centre hole bored in advance, from which it is fetched up by 
the sludger. There is, however, a tendency for the dirt to con- 
solidate. To avoid this difficulty, the hole is sometimes bored in 
three sizes (see Fig. 204) — the first hole say 4 feet in diameter, 
the second hole 5 feet in diameter, and the third the full size of the 
shatt. At the ledge formed at the bottom of the 5-foot bore-hole, 
a large iron tank is suspended into which the debris from the 
larger trepan falls. By sending down a hook the iron tank can 
be lifted and the debris drawn up. M. Lippmann has preferred 
to bore the hole from the beginning with one large trepan of 
forged iron with steel teeth (see Fig. 205), weighing 22 tons for 
an excavation 14 feet 2 inches in diameter. This trepan has one 




Fiu 203 — Larpe drill or cut- 
ting tool. 


row of chisels on each side of the centre near the middle of the 
pit, and two rows on each side near the circumference, which cut 
the ground into angular fragments. The boring is continued 
until the sound and dry strata are met with. The shaft being 
full of water, the sides stand firm without lining. In some cases 
a depth of over 200 yards has been reached by this process. 
The tubbing of the shaft is effected by means of iron rings or 
tubes cast in one piece about 5 feet in depth ; the diameter is that 
of the shaft, with internal flanges. As these rings are too large 
for railway transport, a foundry has to be erected at the colliery. 
The joints are turned on a lathe, A thin stnp of sheet lead is 
afterwards placed between the flanges, which are tightly bolted 
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together, and the joints made water-tight by a caulking-chisel. As 
the tubbing is lowered down the shaft, fresh rings are bolted on at 
the top, until the whole length of say 200 yards is lowered to the 
bottom. As this length of tubbing, the lower rings of which are 
very thick, has an enormous weight, say 800 tons or more, no 
ordinary tackle would suffice to sustain the load. The weight has, 
therefore, to be borne by the water in the shaft, and a concave 
iron bottom is put near the bottom of the tubbing, as shown at a 


in Fig. 206. A tube rises up in the centre of 
the tubbing, through which rods can be passed. 
The interior being free from water, the tub- 
bing floats, and the descent can be regulated 
to some extent by screws and chains. Before 
the tubbing is lowered into the shaft, a bed 
has been carefully levelled as shown at r, on 




Fig. 206 — Mode of tubbing 


Fig 204. — Ihree *iizes of Fig 205.— Lippmann’s the Dahlbusch pit, West- 

b^rmg-hole. boring-tool phaha. 


to which the tubbing is to be lowered. At the bottom of the tubbing 
is the most ingenious invention of M. Chaudron, called a moss- 
box, by which a water-tight joint is made with the strata at the 
bed c. The moss-box is made by forming the bottom ring of 
tubbing {dy Fig. 206) of smaller diameter, so as to slide inside the 
second ring ; this second ring has the bottom flange external and 
not internal The bottom sliding ring has its top flange internal, 
so that it may be suspended by bolts e e, and its bottom flange 
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external. Between this flange and the bottom flange of fhe 
second ring is packed some dried moss, as shown at fy which is 
kept in its place whilst being lowered down the shaft by a covering 
of network. On arriving at the bottom, the whole weight of the 
tubbing above the moss-box has to be supported either by the 
water under the plate or by the moss f. If the shaft above 
and inside the tubbing is now fille^ with water, the whole weight 
of the tubbing comes upon the moss, compressing it and forcing 
it against the sides of the strata with such effect that a water-tight 
joint is made. In order to make the shaft still more secure 
against water, the space between the tubbing and tlie shaft-side 
above the moss-box is now filled in with mortar made of sand 
and cement, which is lowered to the bottom either in narrow boxes 
or in pipes ; the whole of this space is thus filled up to the top. 

In Fig. 206 is shown a forked tool, which has been sent 
down to scrape clean the bed before lowering the moss-box 
on to it. Having thus put in all the tubbing, the water can be 
drawn out of the shaft in barrels, and the internal tube b and the 
false bottom a removed ; workmen can now go down and sink 
the shaft deeper. The use of explosives is now avoided, and the 
sinking is conducted with the utmost circumspection to avoid 
inrushes of water. After sinking say 6 to 10 feet further, an 
ordinary wedging-curb is put in, and the tubbing carried up to the 
moss-box ; a little lower down another wedging-curb may be 
placed, and the tubbing brought up to the curb above. 
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CHAPTER VI. 

‘‘opening out;” or, first operations in the mineral. 


The shafts must (by law) have not less than 15 yards of natural 
strata between them (this is sometimes increased to as much as 
70 yards), and may be arranged as ^ 

shown in Fig. 207. , , , 

The levels are driven either in n 

the stone or in the coal, as the case 

may be. Jl 

In the case of a large colliery, the HrO| 

roadways immediately adjoining the ^ ^ pJ 

winding-shaft will be very busy lli 111 

places, and it is necessary that they fig. 207 .—Section showing bottom of 

- -I 11 j shahs. I, downcast ; 2, upcast; 3, 

should be large and well protected. pumping-shaft ; 4. horse-level ; 5. 
In many cases the levels adjoining 
the winding-shaft are arched like 

railway tunnels, the width varying from 15 to 25 feet, according 
to circumstances. The place adjoining the shaft is called the 
“ porch.” When the porch is arched, it is designed in one of the 


three ways shown in Fig. 208. 

In Fig. 208 a, a, a, a, the arch is carried all round ; the 
bottom part is called the “ invert,” the parts next above are called 
“ side walls,” and the top is the “arch.” If the floor is sandstone, 
or any kind of stratum not easily softened by water, it is not 
necessary to have an invert. The side walls are curved, the better 
to resist the side pressure of the ground. The radius of the curve 
of the side walls is larger than the radius of the arch. The 
junction of the two curves must be imperceptible, lo achieve 
this, the centre from which the curve of the side walls is struck 
must be on a straight line drawn from the bottom of the “arch ” 
through the centre from which the curve of the “ arch ” has been 
struck, as shown in the figure. Where there is no invert, the 
side walls are generally built perpendicularly to a height of about 
6 feet, from which the arch springs (see Fig. 208, b). The length 
of the porch may vary from 2 or 3 yards to 100 yards ; it is 
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generally higher adjoining the shaft (see Fig. 208, c). This extra 
height is convenient in the case of lowering long bars of timber 
or iron. It also facilitates the ventilation, for the two following 
reasons: Immediately over the workman called hanger-on'^ 
at the pit-bottom is a wooden or iron roof, which serves as a 
shield to protect him from falling stone or coal, etc., and the air- 
passage should be above this shield ; the hanger-on will thus be 
to some extent protected from the strength of the air-current and 
the dust carried with it. The air-current is less impeded by a 
sudden change of direction than would be the case with a low 
porch. There are also other reasons why a high porch is con- 
venient; for instance, it gives space for pulley-wheels, steam- 
engines, and other machinery. In many cases the porch is not 
arched, but the roof is supported by wooden bars; and, in some 



Fk. 208 — Cross-sections of arching. 


cases, bars of iron, and more recently bars of steel, have been 
used. Occasionally it happens that no artificial support is re- 
quired, a seam of coal, shale, or rock being sufficiently firm and 
unjointed to stand without support. 

In considering the strength or thickness of the arch, the fol- 
lowing simple facts must be borne in mind ; The weight of coal- 
measure strata may be roughly averaged at about i ton per 14 or 
15 cubic feet, more or less. Taking this as the weight, it will be 
seen that i cubic foot weighs between 140 and 160 lbs. A square 
foot has 144 square inches,; and if we suppose that a cubic foot 
is made up of 144 prisms, or pieces of stone, i foot long and i 
inch square at each end, and further assume that each of these 
pieces weighs i lb., we should have the weight of a cubic foot 
equal to 144 lbs. This is a very convenient figure for the pur- 
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poses of calculation, and for that reason is frequently adopted ; 
and, though it may not be strictly accurate, it is sufficiently near 
for the present purpose. If a piece of stone, i inch square and i 
foot high, weighs i lb., a piece of the same section, and 2 feet high, 
would weigh 2 lbs. ; a piece 10 feet high will weigh 10 lbs., and 
1000 feet high, 1000 lbs. Thus a column, i inch square at the 
base and 1000 feet high, weighs 1000 lbs., and presses with that 
weight on the ground below ; and a column, with a base of i 
square foot, and 1000 feet high, vrould weigh 144,000 lbs., and 
so on. It follows that, at a depth of 1000 feet, the overlying 
rocks have a weight or pressure of 1000 lbs. upon every square 
inch below, and, at a depth of 2000 feet, of 2000 lbs., and so 
on. If, therefore, an arch at a depth of 1000 feet had to sustain 
the weight of the ground immediately over it, right up to the 
surface, it would probably be immediately crushed, as the follow- 
ing calculation will show. The width inside the arch is, say 20 
feet, the sidewalls and arch, say 3 feet thick ; total width, 26 feet, 
or 312 inches, therefore the total pressure upon every inch in 
length of the porch is 312,000 lbs., and this has to be borne 
by the two walls, each 36 inches. Dividing the 312,000 lbs. by 
72, the pressure is found to be 4333 lbs. on every square 
inch of the brickwork. It is doubtful if any brickwork will sus- 
tain this pressure, which is twice the crushing pressure of common 
bricks, and equal to that of the best bricks, whilst many bricks 
will crush with one quarter of this pressure ; but brickwork will 
not stand such a heavy pressure per square inch as single bricks. 

It is, however, a well-known fact that a great many porches 
remain uncrushed for a generation, and sometimes at a depth 
greatly exceeding 1000 feet. It follows, therefore, that the weight 
of the overlying rocks does not rest upon the arch ; in fact, it is 
only a comparatively small wedge of ground (see n Fig. 208, b) 
that is sustained by the arch. The arch, in fact, serves to keep 
every piece of rock tight and in its place. 

It is, however, also a common experience that arches at a 
depth of 1000 feet are crushed, and this in cases where the brick- 
work is excellent, and has been designed and completed in a 
manner entirely first-class. Where this has happened, it is because 
the natural strata on each side of the arch are not strong enough 
to stand the weight above them without crushing or yielding ; the 
pillars have therefore subsided, leaving the hard and incompres- 
sible brickwork to sustain the entire weight of the ground above 
it, for which task it is unfitted. 

Construction of the Arch. — For the purpose of an under- 
ground arch, the hardest bricks are the best ; sometimes fire-bricks 
are used to give the requisite strength, but generally well-burnt 
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red bricks are used. The mortar is usually made of lime mixed 
with clean, sharp sand, or else with engine ashes, which often 
make a very good substitute for sand ; sand mixed with earth 
or clay is not good for the purpose. Where there is much water, 
hydraulic lime is used. This lime is generally made from lime- 
stone of a particular kind, such as the blue Lias limestone, found 
at Barrow-on-Soar and in the district, also near Rugby; there 
is a hydraulic limestone found in some parts of Flintshire, near 
Holywell. Some of the magnesian limestone formation (Sutton) 
gives a hydraulic lime. The peculiar property of hydraulic lime 
is that it will set when wet, or even in water, and is not dissolved 
by the action of water. Instead of hydraulic lime, Portland or 
Roman cement is often used. In the neighbourhood of Bagillt, 
in Flintshire, a kind of limestone is quarried, which, when burnt 
and ground, makes a capital Roman cement. Roman cement is 
a quick-setting cement, setting in a few minutes ; Portland cement 
is a comparatively slow-setting cement ; the rapidity with which 
it sets can be regulated by the manufacturer, so that it may set 
either in half an hour or in a day or two, when used in building. 

As the side walls are built up, all spaces between the wall and 
the natural ground are filled up with small stones and dirt or 
sand ; and over the top of the arch the space is carefully rammed 
with small shale or with sand. The object of the careful ram- 
ming is to ensure uniformity of pressure all over the arch, so that 
it may keep its shape. Where ordinary brickwork will not stand 
without crushing, wooden bricks, or blocks, with open spaces 
alternating with each block, are substituted in layers of say 
I foot high, and at intervals of 2 or 3 feet ; so that, if the 
natural strata should sink, the crown of the arch may also sink 
to a corresponding extent by the crushing of the wood And it 
is said that success has attended this device. In some cases 
the arch is entirely made of timber blocks. In mines where, 
owing to the great depth, or the softness of some strata, arching 
will not resist the pressure, it is advisable to have as little as 
possible, if any. Timber or steel bars, supported on props, can 
be more easily and cheaply replaced when, owing to the pressure 
of the roof and sides, they have been pressed out of shape and 
portion. It must be borne in mind that the function of all 
arching, propping, and barring is not to sustain the weight of the 
great mass of ground, but simply to keep small pieces of the 
roof from falling down, and so loosening larger pieces above. 
If the whole of the surface of the roof of a road or heading be 
supported by bars, over which are laid poles or planks, no pieces 
of ground can fall out. 

The porches having been constructed, the levels are driven 
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forward. Experience alone can show whether props and bars are 
necessary. The timbering of mines is dealt with in another chapter. 

By whatever system a coal-mine is worked, it is the general 
rule — to which there are but very few exceptions — to leave a pillar 
of coal or other mineral near the shaft to protect it and the engine- 
houses and the machinery on the pit-bank from being injured by 
the falling down of the surface# The size of this pillar is not fixed 
by any invariable rule, but by the practice of the district. From 
measuring the pillars at many collieries in Great Britain, it would 
seem that the radius of a circle representing the area of the shaft- 
pillar should be about one-third of the depth of the shaft ; that 
is to say, if the shaft were 300 yards deep, no coal should be 
got within 100 yards of the shaft on either side, or the pillar 
should be 200 yards in diameter. The pillar is generally set out 



Fig. 209 — Shaft-pillar. 


square, so that it should be 200 yards square. In the opinion of 
some mining engineers, this pillar is too small ; according to the 
practice of others, it is, perhaps, larger than necessary. But if 
it is desired to maintain the shafts and buildings intact, without 
risk, it is certainly advisable not to make the pillar any smaller 
than that given in the rule. It is obvious, however, that with 
engine-houses and other buildings at some distance from the 
shaft, the shaft-pillars above set out will not be sufficient for their 
protection, and for absolute security it will be necessary to 
increase the width of the pillar. If these buildings reach a dis- 
tance of 70 yards from the shaft, which is, say, 600 yards deep, 
it would be necessary to have the pillar on that side of the shaft 
extending to a distance of 200 -1- 70 = 270 yards from the shaft 
(see Fig. 209). Unless a sufficient pillar is left, it would be better 
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to leave none at all, excavating the mineral, and filling the place 
completely with packs, so as to let all the strata above subside 
evenly. 

In order to open out, the mine headings have to be driven 
through the shaft-pillar, and sometimes beyond, to open out the 
working places. Machinery has lately been introduced to facili- 
tate the cutting of headings in coal. Stanley's coal-heading 
machine, referred to in another chapter, has been used for rapidly 
opening out a colliery. With the aid of these machines a heading 
can be advanced at the rate of 50 yards a week in hard coal, 
the machine making a heading 5 feet 4 inches in diameter, which 
is afterwards widened by ordinary mining operations (see Fig. 
210), two sets of men being employed in the widening opera- 


PLAN SECTION 



Fig. 210.— Heads driven by Stanley’s heading-machine. 


tion, to keep pace with the machine. Great care is required in 
the use of these machines in fiery seams, because the ventilation 
of the heading depends on the compressed air by which they are 
driven, and is therefore intermittent. This might lead to accu- 
mulations of gas, unless precautions are taken. 

In metalliferous mines, the opening out of a vein takes place 
at numerous openings from the shaft, say every 20 yards. The 
arrangements, therefore, at each landing are very simple, and the 
observations as to porches do not apply except in the case of 
very large mines having a vertical shaft, to which most of the 
mineral is brought to be raised to the surface. 
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CHAPTER Vir. 

METHODS OF WORKING: COAL, IRON, TIN, LEAD, COPPER, GOLD, 
SALT, SLATE; SPONTANEOUS COMBUSTION. 

One method of working is quarrying, or open holes (see Fig. 211), 
Here a hole, or wide trench, is dug down to the seam to be 
wrought, which is then excavated and thrown into waggons, the 
strata above being thrown in a heap behind as the work advances, 
as shown in the figure. The soil is first of all removed, and is 
subsequently relaid on the waste-heap, so that the ground which has 
been mined can be restored to a state fit for agricultural purposes. 
This method of mining has been largely employed in most of the 
coal-fields of Great Britain, for seams of coal and ironstone where 
they crop up to the surface, and at depths not often exceedmg 



Fig. 21 1 —Open hole. 


30 feet. At the present date, it is chiefly practised for the 
working of ironstone in Lincolnshire, Northamptonshire, Leicester- 
shire, and other counties where Oolitic stone is found. 

Fig. 212 is a photograph taken by the writer, showing an 
“open hole” at Mechernich (Rhine province of Germany), where 
lead ore has been got. In this case the whole of the ground 
excavated, from a few feet below the surface down to the bottom, 
contains ore. It is a rock of the New Red Sandstone formation, 
and the lead ore (galena) is distributed in specks, varying in size 
from a small pin's head up to a pea, and in some cases larger. 
The excavation shown in the plate is between 300 and 400 feet 
in depth, and 1000 feet in length. There have been also, in Great 
Britain, huge “ open holes ” for the excavation of copper ore, as, 
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for instance, at the celebrated Parry^s and Mona mines in 
Anglesea ; also for the excavation of haematite, as in the Ulverston 
district, and in Glamorganshire, as at the Mwyndy and other 
mines. Large anthracite open mines have been worked in 



Fig 212 — Open hole at Mechel nith 


Pennsylvania. In fact, this method of working is pursued wherever 
mineral is found at a small depth below the surface, because it 
IS the cheapest. 

Bell Pits. — An ancient method of working, practised within 



Fig. 213 —Bell pit«; Ancient method of p^etting coal and ironstone, 
practised at the present time in some places. 


the writer’s recollection, is by bell pits (see Fig. 213). A small 
pit, sometimes only 4 feet in diameter, was sunk, and belled or 
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widened out at the bottom to just such a diameter as might seem 
safe, having in view the risk of the undermined ground falling on 
the workmen. Several rows of ancient bell pits, sunk side by side 
along the outcrop of some seams of coal and ironstone, may be 
followed for miles in some coal-fields. It is evident that this 
method of working is only suitable for very shallow mines. 

Pillar-and-Stall. — This is the most general system of 
working mines, whether coal, iron, clay, stone, slate, salt, gold, 


Fig. 214. — Plan ol a pillar-and-stall coal-aiiut. 



silver, or other mineral, although it goes by various names. When 
applied to coal-mines it has many aliases, such as stoop-and-room 
in ^co\\dir\Ay post-and-bank, etc. Figs. 214 and 215 show plans of 
pillar-and-stall mines. The stall is the place from which the coal 
or other mineral is excavated in the first instance ; and the pillar, 


as its name implies, is the pillar 
of coal or other mineral which 
is left to support the superin- 
cumbent strata. 

The workmen cut the whole 
of the seam of coal into pillars 
and stalls. The width of the 
stalls depends upon the strength 
of the roof and other conditions ; 



Fig. 215. — Stoops (18 yards X 12 yards) and 
rooms (4 yards wide). 


for instance, if the shale above 

the coal will make a sound roof to the stall — if it is 6 feet wide, 
and would fall down if it were 8 feet wide — that would be a good 
reason for having the stall only 6 feet wide. On the other hand, 
it is often more expensive to got the coal in a narrow stall than 
in a wide one, because each side of the stall (see Fig. 216) may 
have to be cut, either with the pick-axe or by the action of an 
explosive ; and this cutting, when done, would suffice for a stall 
either 2 yards or 20 yards in width. In coal-mines the stalli^ 
are usually from 4 to 6 yards wide, and the roof, unless very 
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Strong, is supported by props, and sometimes by paclcs of dirt 
(see Fig. 217). The width of the intervening pillars also depends 
on a variety of circumstances. Thus if the pillar is very hard and 
_ strong, it will cariy a 

^■1 therefore a 

fmi ' illj narrow pillar will suffice. 

!i •' Mil ' 1 11 1 1'wi pillars are some- 

li)( |i| '* I B } m times left only half a 

i I |j|f'' 4 5 . wide ; 

~ were very strong, such 

Fig. ax6 -View of stall. ‘ ^ "^rrOW pillar WOuld 

crush very soon in a 
mine exceeding 15 yards in depth. It is evident that the deeper 
the mine, the greater the weight the pillar has to carry, because, 
the whole of the mine being divided into pillars and stalls, there 
is no other support for the overlying rocks than the pillars of 
_ coal; and at a depth of 

say 1000 feet, the pres- 
sure being 1000 lbs. per 
inch, that pressure 

' I ^ ' 111 ™ f i KB * borne by every 

square inch of the upper 
j||!|| surface of ^ the seam of 

remains un- 

Fig. 217 -Props and pack. Original Weight has now 

to be borne by the re- 
maining half, and therefore the pressure per sejuare inch is 
2000 lbs. Taking the case of a mine only 100 feet deep, the 
original pressure per square inch would be 100 lbs. If nine- 
tenths of the coal were cut away, the remaining tenth would 
have to bear the whole of the original pressure, equal to 1000 lbs. 
per square inch. It thus appears that, at the shallow depth of 
100 feet, pillars equal to one-tenth of the original area have to bear 
a less pressure per square inch than the pillars equal to one-half 
the original area at a depth of 1000 feet. The pressure, however, 
that a pillar of coal will bear probably increases with the dimen- 
sions of the pillar ; thus a small pillar would crush with a pressure 
Of 1000 lbs. per square inch, while a large pillar would bear the 
pressure without injury. But it is not only the fact of 


Fig. 217 — Props and pack. 
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pressure on the seam of coal that has to be considered. The coal 
might be exceedingly tough and hard, and capable of resisting a 
pressure of 3000 or 4000 lbs. on the square inch, but the under- 
lying seat-earth, or fireday, might be less strong, and if the pressure 
were to be great, the pillars would be forced down into this fire- 
clay until the roof rested upon it The fire-clay would swell up. 
When this happens it is called “ creep (see Fig. 218). In most 
pillar-and"Stall mines there is some creep, but not to such an 
extent as to cause the complete filling up of the stalls. Another 
effect of excessive pressure is upon the roof. If the shale 
constituting the roof is softer than the coal, or less tough, the 
roof may be forced down between the pillars which cut up into 
the roof. This cutting of the roof at the edge of the pillars takes 
place generally in all coal-mines, unless the roof is unusually hard, 
or is composed of a thick-bedded sandstone. The ordinary 
shales of the coal measures are thin-bedded, and although it would 
require a very great force to break through several feet of these 
shales at once, the lowest bed, perhaps only i inch thick, soon 



gives way, and when that is broken, the next bea above has to 
bear the pressure, and so on, till by degrees a great thickness of 
roof is broken down. Thus it happens that a roof may be strong 
enough to stand good for a few days, but at the end of a fortnight 
a good deal might have fallen, and at the end of a month, the 
stall might be nearly filled with fragments of roof. In some cases 
thereof is sufficiently sound to remain for thirty years, and more, 
as it was when first exposed. 

It is evident that a roof may be a very good roof, that is to 
say, it may stand film in a mine that is only 100 feet deep, when 
exactly the same shale roof in a mine 1000 feet deep would be 
broken by the extra pressure, and in a mine 2000 feet deep would 
be still worse to deal with. In setting out, therefore, the size of 
the pillars, consideration has to be taken of the strengih of the roof, 
coal, and floor, and also the market in which the coal has to be 
sold. For instance, if the roof and floor are very hard, the coal 
alone might suffer from great pressure, and the pillar sustaining 
this great pressure, though appearing whilst in the mine to retain 



T54 


MINING. 


its original form, might really be so crushed, that when it was cut 
with the pick-axe it would nearly all drop into small pieces, or 
slack. If, in the market where this coal was sold, a good price 
could only be got for large coal, it is evident that the effect of 
crush on the pillar would be commercially disastrous ; if, on the 
other hand, all the coal were sent to the coke-oven, the size would 
be immaterial, and no loss w^ould ensue from the crush. This 
consideration has a great deal to do with the method of working 
adopted in the various coal-fields of Great Britain. 

Size of Pillars and Stalls. — The ordinary size of stalls 
has been above given as varying from 4 to 6 yards, and the 
ordinary size of pillars may be taken as varying from 5 yards 
wide and 10 yards in length to 30 yards wide and 40 yards in 
length. As the development of the coal-fields of the country 
takes place, the average depth increases, and the size of the pillars 
increases to a corresponding extent To take an illustration, 

suppose a mine 1500 feet in 
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depth, and the pillar 10 yards 
wide and 20 yards long, with 
stalls 4 yards wide, and cross- 
cuts the same width. The 
mine may be divided into 
rectangles (see Fig. 219) of 
14 yards by 24 yards, equal 
in area to 336 square yards. 
Of each of these rectangles 
the pillar has an area of 200 
square yards, and therefore this area of 200 square yards has to 
bear the pressure originally resting upon an area of 336 square 
yards, the original pressure being 1500 lbs. per square inch. 
The pressure per square inch upon the remaining pillar is found 
by the following rule-of-three sura : — 
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Figs. 219, 220. — Diaiiirams of pillars, showing: 
calculation of pressure. 


200 : 336 : : 1500 : x = 2520 

It is probable that this pressure will be a great deal more 
than either the coal or the roof or floor will bear without injury, 
and the working of the mine will become exceedingly costly, if 
not impossible. Supposing the pillars are increased to 30 x 40 
(see Fig. 220), the stalls remaining the same size, the whole of 
the mine may be divided into rectangles of 34 x 44 yards. 
Therefore each rectangle contains 1496 square yards, and each 
pillar contains 1200 square yaids. The original pressure of 1500 
lbs. per square inch upon the original area of 1496 square yards 
has now to be entirely sustained on the remaining pillar of 1200 
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square yards, and the pressure per square inch will be found by 
the following rule-of-three sum : — 

1200 : 1496 : : 1500 : x = 1870 lbs. per square inch 

Thus, by increasing the size of the pillar, the pressure per 
square inch upon it has been reduced from 2520 to 1870. These 
are some of the considerations that guide the mining engineer 
in setting out the dimensions of pillars. There are, however, 
other considerations, such as the inclination of the seam. In a 
level seam, or one lying at a moderate inclination, there is no 
difficulty in conveying the coal along the stall, but if the seam 
lies at a steep inclination, special arrangements have to be made 
for haulage, which will be dealt with in the chapter on haulage. 
Other considerations are the amount of gas yielded by the coal, 
and the means of ventilation. It is evident that the larger the 
pillars, the greater will be the lengths of single road to be 
ventilated between cross-cuts ; and, in a mine yielding a great 
deal of fire-damp, this is a very important consideration, of which 
notice will be taken further on. 

Getting the Pillars. — A hundred years ago, the colliery 
owner was not often troubled by the consideration where he 
would find the coal, but generally he had only to consider where 
. he would find the market, and it was not necessary for him to 
trouble his mind by asking himself if he intended to get the 
pillars, and how. Sometimes the miners would find it easier to 
get the coal out of the pillars left for the support of the stalls 
(which were in fact the roads necessary for the transport of the 
mineral, and for ventilation), than to cut coal out of the solid, and 
therefore they would make a stall across a pillar, or cut coal off 
the edges of a pillar, so weakening it that the roof would break 
down, or the floor heave up. This was called “robbing” the 
pillars, and it would seem to have been originally regarded as a 
somewhat nefarious operation. At the present date the working 
of the pillars constitutes from fifty to eighty per cent, of the entire 
working of the mine, and it is not put off until the whole of the 
coal-field to be worked by any given colliery has been cut into 
stalls, but is begun as soon as the workings have reached a 
sufficient distance from the shaft for this operation to be per- 
formed without danger to the colliery plant (see Fig. 214). The 
working of the pillars is often done in the way shown in Fig. 221, 
that is to say, by taking a stall along the edge of the pillar, say 
5 yards wide. In order to protect the men against falling roof, 
rows of props are placed as shown in the figure, and sometimes 
a pack wall is built so as to form a sheltered roadway between 
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the pillax and this wall (see Fig. 222).* When this stall has been 
worked across the pillar, the rails are taken up and some of the 
timber withdrawn, and another stall started by the side of the one 
just completed, until the whole of the pillar has been got. 


!$ t 



Figs. 221, 222. — Pillar working (Ryhope). 


Another method (see Fig. 223) is to work the whole width 
of the stall at once, setting timbers along the face as shown, and 
as the stall advances, the timber is withdrawn, and the props 



Fig. 223.— Working back. 


which are not broken re- 
placed close to the coal 
face where the men are 
working. After the props 
are withdrawn, the roof 
may fall, and of course 
will fall, as soon as a 
sufficient area is left en- 
tirely unsupported. In 
cases where the pillars are 
large, this is sometimes 
called “ working back,” 
and also it is sometimes 
called “longwall working 
back,” but it is evidently 
only one variety of pillar- 
and-stall. Often, in order 


to increase the security of the miners, packs or stalls of stone — 
that is, shale, sandstone, fire-clay, or other material— 'are built at 
intervals along the working place (see Fig. 223). These reduce 


* N.E. Inst. French report. 
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the pressure on the timber, and remain as a permanent support 
for the roof; owing to their loose construction, they will not 
sustain a very great pressure, and they yield under the weight of 
the roof, and allow it gradually and equally to subside. The 

fracture of the roof is thus more 

regular than if there were no packs. 

Shape of Stalls. — On locking 
at a plan, it will be seen that where 
the stalls cross there is likely to be 
a great pressure on the corners of 
the pillars. To reduce this, the 
stalls are often made narrow at the 
entrance (see Fig. 224), and gradually 
widened out to the full width. 

and End.^’— Coal is 
traversed by lines of cleavage (see 
Fig. 225), along which it can be 
easily split by a wedge. These 
cleavage lines are close together; 

a wedge may be put in anywhere on F.,.„,._stans with narrow entrance, 
the surface of the seam of coal, and 

it will split along the line of cleavage. These lines of cleavage 
are generally, so far as the writer has seen or heard, in a plane 
. vertical, or nearly vertical, to 
the plane of stratification or - 

bedding in the midland and 

northern counties. Thedirec- * 

tion of these cleavage planes 
in these counties is in line, 

roughly speaking, from north- |i||||| | lllj j|| |i | 
west to south-east, but vary- I nil lllf 

ing in the number of de- ^ Tec tion 
grees west of north. In South ^ , . . . , 

Wales the cleavage planes are 

said to be generally not in a plane vertical to the bedding, but 
inclined at a considerable angle. 

In addition to the cleavage planes are joints parallel to them, 
and others crossing them at right angles, the joints often make a 
complete separation, along which the coal can be parted ; they 
sometimes contain black smutty coal powder. These joints are 
studied by the colliers, who make the holing or under-cutting 
so that the coal may be parted along a joint. The joints are 
not always regular nor completely cutting the seam, so that it is 
only sometimes that they assist the collier in his work. They are 
sketched with the cleavage planes in Fig. 225. 


SECTION 

Fig. 225. — Cleavage planes and joints. 
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As a general rule, it is easier to cut the coal across these 
cleavage planes, just as it is easier to saw a log of wood across 
than to saw it lengthways. In taking a heading across the 
cleavage planes, it is called driving “bordways” or on the 
“ bord ; ” in taking a heading in the direction of these cleavage 
planes, it is called driving ‘‘ endways or on the “ end.’* In the 
north country the word ‘‘ headways ” is often used for “ endways.” 
When driving a heading in a diagonal direction, neither “ end ” 
nor “ bord; ” it is in Yorkshire called ‘‘ andra.” It being easier 
to cut the coal bord ways, the pillars are generally made longer 
in that direction. Thus there are more bords than ends. In 
many places the endways stall is made narrower than the bord- 
ways, in order not to weaken the pillar unnecessarily. The 



Fig. 226. —Cheshire pillar-and-stall. Coal worked shown thus //////. 


nearer the cross-cuts or endways stalls are, the better for the 
purpose of ventilation, and a cross-cut 6 feet wide will be wide 
enough for that purpose. In places where the bordways stalls 
are 5 yards wide, the endways stalls are often only 3 yards wide. 

Fig. 226 shows a method of working which has been adopted 
in some of the Cheshire collieries. The dimensions of the pillars 
are shown on the figure. In this case the roads or stalls are 
driven in pairs, with a narrow pillar between, so that cross-cuts 
may be frequent, and ventilation thus facilitated. A pair of roads 
can be driven out a great distance without difficulty, to the 
boundary ; the next pair is about 140 yards distant, so that 
the mine is divided into pillars about 400 yards long, by 140 
yards wide, these being so large, in proportion to the narrow 
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width extracted in the headings, that the pressure is not per- 
ceptibly increased. The process of working back is begun at 
the boundary by dividing the large pillar into small pillars as 
shown in the figure, and then working back the pillars immediately 
they are formed, so that the stalls are only one or two pillars 
in advance of the “goaf” or “gob”— goaf or gob being the name 
given to the “ waste ” from which the coal has been extracted. 
By thus rapidly working pillars, there is not much time for the 
pressure to take effect either upon the coal, roof, or floor. 

Fig. 227 shows the method adopted in North Staffordshire, 
where the coal has a steep inclination. The stone head or “crut” 
from the shaft foots the coal, 
along which levels are driven ; 
from this level headings are 
driven uphill in pairs, as shown 
in figure. A heading driven 
uphill in North Staffordshire 
is called a “ dip ; ” these dips 
are driven to the rise boun- 
dary, or pillar left against old 
workings above ; levels are 
then driven through at the top. 

Half-way between the dips the 
pillar is cut in two, and each 
half worked back ; as the top 
pillar is being worked back, a 
lower level is driven out. The levels are ventilated by air-pipes ; 
the return air-road is driven in the seam of coal to the upcast 
shaft. 

Main Roads. — In working a large mineral estate, main roads 
may be driven north, south, east, and west. These main roads 
will go to the extreme boundary, possibly two or three miles dis- 
tant. There must be at least two main roads in each direction, 
one for the intake, and the other for the return air. From these 
main roads branch roads start into the districts or panels of work, 
each side of the district or panel being worked in the manner 
already described. In getting the pillars in these districts, it is 
necessary to leave a sufficient number untouched near to the main 
road, in order that it should not be crushed. The width of solid coal 
which it may be necessary to leave on each side of a main road 
varies, of course, with the nature of the strata, as above described, 
and with the depth of the mine; the deeper the mine, the wider 
the pillar which it is necessary to leave. In a mine about 150 
yards in depth, a main-road pillar about 88 yards wide will suffice. 
Out of this two main roads 3 or 4 yards wide may be taken, and 



Fig. 227. — North Staffordshire pillar-and-stall. 
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cross-cuts. For a mine 250 yards deep, a pillar about no yards 
in width will suffice to protect a haulage road and air-road with 
cross-cuts. For a depth of 400 yards, a width of about 203 
yards is required to protect a haulage road, air-road, and cross- 
cuts 

The system of working by pillar-and-stall is carried out in 
mines lying at any inclination, fiK)m those which are perfectly 
flat to those which are vertical. 

“Longwall.” — The other systems of working coal and other 
minerals may be taken under the head of “ LongwalL” In the case 



of coal-mines, there is only one mvaiiable distinction between a 
longwall and a pillar-and-stall mine. In the pillar-and-stall mine 
pillars are left for the support of the roads for haulage and venti- 
lation, and in the longwall mine no pillars of coal are left, but 
the roads for haulage and ventilation are supported by artificial 



Fig. 229 — Section of a working place. 


pillars or packs of stone or timber. The student, however, should 
bear in mind that in a great many mines there is some admixture 
of the two systems, and in many longwall mines — rightly so called, 
because they are chiefly worked on that system — the mam roads 
are supported by pillars of coal. There are also, as above said, 
mines where all the roads are supported by pillars of coal, and 
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where the coal is worked back in long working faces, which are 
often called “longwall working back.'' But these, as already 
said, are really pillar-and-stall mines. In the pure longwall 
mines the only pillars left are those for the support of the shaft 
or some other exceptional purpose. A plan of a longwall mine 
is shown in Fig. 228. A section of working place is shown in 
Fig. 229. Fig. 230 shows crq^s-section of gate road. Fig. 231 
shows longitudinal section down the centre of gate road. The 



place where the miners work is often called ‘‘ face" of work. The 
working generally advances bordways ; but where the coal is 
tender and it is desired to get large pieces, the face of work is 
carried endways, and very often it is taken ‘‘andra." In some 
collieries, where the coal lies level, or at a very moderate inclina- 
tion, the workings proceed in* every direction, so that the working 
face is a circle, of which the shaft is the centre. 

As the coal is got, the roof is maintained by props, and when 



the w^orking has advanced a few yards from the shaft pillar, packs 
of stone are built where the gates 'will be. The gates are the 
haulage roads along which the coal is conveyed. The packs 
by the side of the gates generally vary in width from 9 to 12 feet. 
The interior of the pack is often filled up with small rubbish, 
and where the slack is unsalable some of it is often put in the 
packs. The width of the gate generally varies from 8 to 12 feet; 
the distance between the gates varies from about 10 yards to 

M 
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loo yards (see Fig. 233, a). The nearer tlie gates are together, 
the more rapidly can the coal be got away from the face, and the 
greater the number of men that can be concentrated on a given 
length of face, and consequently the greater the tonnage of coal 
that can be got out of a given length of face. On the other hand, 
the further the gates are apart, the less will be the total cost of 
making and maintaining gate roads for a given acreage of the 
seam. As a general rule, the thicker the seam of coal the nearer 
the gates should be, to give facilities for removing the greater 
thickness of coal. 

In some districts the miners form themselves into companies 
of a dozen or more to work the coal on each side of the gate 
road, and these twelve men may work a distance of 25 yards 
on each side of the gate road, being 4 yards ai)iece. In other 
districts the miners refuse to combine with each other, and each 
miner, who employs a labourer, has one side of the gate road to 
himself. In these districts the gate roads are placed from 10 
to 20 yards apart, allowing each miner with his labourer from 5 
to 10 yards of face. As the face of w'ork advances, and the 
gates become longer, the packs become compressed by the weight 
of the roof, which no longer has the support of the solid coal, 
and, in order to maintain the height of the roads, it is necessary 
to cut down the roof. In the midland counties the term “rip- 
ping” is applied to this cutting down of the roof (sec Fig. 231). 
Where the roof is hard, gunpowder or other explosive is generally 
used to break down the roof. The stone thus obtained is taken 
for\\’ard to the face of work, and used for building the jiacks, 
TIfe gate roads in the midland counties, working seams from 3 to 
6 feet in thickness, are generally from 30 to 50 yards apart. If, 
at the beginning, the gate road is made from 6 to 8 feet in height, 
it will [>robably remain high enough until the face is advanced a 
distance of 100 or 200 yards, after which it will require lurther 
ripping. In order to reduce the expense under this head, it is 
common to do the second ripping in only one gate road out of 
five or six, and to put a cross-road right and left from this main 
gate, so as to cut off the four or five roads on the other side, the 
hinder length of which is afterwards abandoned. 'I'his system 
of cross-gates not only reduces the cost of ripping, but also the 
cost of timber and road repairs generally, and the length of rails, 
number of sleepers, and cost of haulage. As the length of the 
main gates extends, main cross-gates arc introduced, which cut 
off the branch gates of a whole district, and in large collieries the 
main gates and main cross-gates are worked by engine i>ower (see 
Fig. 232).' 

• T. Fuislcr brown, /w/A Civt/ V(»l. Ixiv. 
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Packing. — Between the gate-road packs it is a usual practice 
to build intermediate packs (see Fig. 233,^). These intermediate 
packs relieve the props from excessive pressure, and also, forming 
a permanent but compressible support for the roof, allow it to 



1*10 '’32 - I jngwall (H irri s Na\ 


subside gradually, and olten vMthout serious fracture of the strata 
above. The number and size of the packs that are built depend 
to a great extent on the building material at hand. In a thin 
seam of coal, where the holing is dune in the floor, the coal being, 



Sut/t of I arts 



PKj 3 ^] — rUn showinR m lonj^will fac«. 


say, 2 teet thick, and the diit got in holing i foot, the holing dirt 
will completely fill the goaf, and it will be unnecessary to build 
special packs, except by the gate walls. On the other hand, 
where there is a clean seam of coal 8 feet thick, and no dirt is 
got with the seam, material for building packs may have to be 
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fetched from a distance. Perhaps the roof will break down behind 
the props, and from the heap of fallen stone so formed stone can 
be extracted for building packs. If, in first starting the working 
place from the opening off head, there is no packing material, 
and the roof is a strong shale or rock, it may be carried forward 
a distance of 30 or 40 yards or more, partly supported on timber 
props, before the roof breaks dowii. When it does fall it will be 
a very serious affair. The props being absolutely useless for the 
purpose of sustaining the weight above, safety can only be found 
in flight, and it is not unlikely that with the fall of the roof there 
may be an outburst of gas which has been pent up in the strata 
above, and, should there be a naked light in the vicinity, it might 
lead to an explosion. It is advisable to avoid these heavy falls 
of roof by bringing into a new district stone from other places, 
from the ripping of gates, or exploring heads, or cross-measure 
drifts. If sufticient stone cannot be obtained, the gate roads are 
formed by packs of timber, built in pillars from 3 to 4 feet square. 
These packs are made of bars of wood laid crosswise, forming a 
square pillar, the middle being filled up with slack or other rul>- 
bish. The cheapest kind of wood is generally used, often 
branches of trees of no use for carpentry ; these arc cut to the 
ie(iuired length, and sold as “ brattice” wood. Brattice wood is 
extensively used in South Wales, and in some parts of the 
midlands. As soon as the weight comes on these timber packs, 
they are crushed, and the height of the road can only be main- 
tained by ripping down the roof. 'I'he stone thus obtained is 
used for forming packs, being built between the timber packs. 
In France it is usual, where thick seams of coal are worked, to 
’quarry shale and stone on the surface, and send it down the 
pit for building packs. The extent to which the packs are 
squeezed down varies, of course, with the projx)rtion of material 
in the pack and intervening spaces or “bays” into which they 
can spread when pressed, and also with the depth of the mine. 
In mines, however, 200 yards deep and upwards, the packs are 
generally so tightly crushed and forced into the iinderc lay, which 
rises ujj between them, that they are completely buried, and the 
main roads are formed entirely in the roof of the coal by succes- 
sive rippings. If this r(X)f is formed of moderately sound shale, 
such as is generally met with, the road thus made entirely in it 
will endure, with a very small subsequent cxj>ense for repairs, 
rhe longwall system is becoming more and more general every 
year; for fifty years it has been the system almost exclusively 
adopted in Derbyshire and Nottinghamshire ; it is now becoming 
the rule in Yorkshire, and is no longer uncommon in the northern 
coal-field. It is often practised in Scotland, and is common in 
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Lancashire, and is the rule in North and South Wales ; it is 
also the rule in Leicestershire, in some parts of Warwickshire, and 
in the Canon Chase district of Staffordshire. It is largely 
employed on the Continent. 

Comparative Merits of Longwall and Pillar-and-StalL 

— As a general rule, longwall is the system employed where it is 
essential to get coal in large lumps, and where there is packing 
material to build the walls or packs. With seams of moderate 
thickness, and where there is dirt to build the packs, the venti- 
lation of the longwall mine is simpler than with a pillar-and- 
stall mine. In thick seams of coal, where in ordinary course of 
working there is little or no dirt for the building of packs, pillar- 
and-stall is generally employed. In driving out the stalls in a fiery 
seam, it is often difficult to keep them clear of gas, because these 
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Fig. — Drainage of g.-is by hcading^. Proportion drained, 10,000; pruportion 
worked, iooo , ratio, 5 to 1. Drainage uf gas shoi^n by ^hading. 

narrow roads receive, not only the gas due to their own area, but 
the drainage of gas from the adjoining pillars (see Fig. 234). 
In this case it is shown that the area drained of gas by the stalls or 
headings is five times as large as the area from which the coal is 
extracted. At a later stage in the working of the mine, w'hen 
the pillars are got, the proportion of gas yielded per ton of coal 
will be much l^ss ; but this subsequent immunity may be 
dearly purchased if at the beginning the mine is fouled by the 
excessive drainage of gas. On the other hand, in a longwall 
mine the drainage is proportional to the tonnage of coal got at 
all stages in the life of the colliery, after the first headings have 
been made through he shaft pillar. The ventilation of a long- 
wall mine is more satisfactory than that of a pillar-and-stall mine 
in the following important respect. All the roads, both for 
haulage and ventilation, lead through the goaf, and thus there is 
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no large unventilated area in the mine. The coal being extracted, 
leaving no pillars, the superincumbent strata subside and close 
up entirely the opening made by the extraction of the coal, 
except where the gates have been made, and in the vicinity of the 
working face, where sufficient time has not elapsed since the 
coal was got to allow of the complete settlement of the rocks 
above. On the other hand, in a *pillar-and-stall mine there are, 
as a general rule, no roads through the goaf, so that the area 
along the edge of the pillars which is not yet squeezed tight by 
the weight of strata above is unventilatetl and freciuently contains 
gas. When the barometer falls the gas expands, and, unless there 
is good ventilation around the edge of the pillars, might reach to 
the working miners. A sudden and large fall of roof might drive 
the gas out of the goaf into the working places. 

Spontaneous Combustion. — Wherever there are large 
heaps of small coal (slack), it frequently happens that the coal 
takes fire by a process of spontaneous combustion. It seems to 
be now accepted that this is due to the oxidization of the small 
coal, w’hich produces heat ; the heat is retained by the covering of 
slack on the outside of the heap, and the hotter the mine becomes 
the more rapid is the process of oxidization, until it proceeds at 
such a pace that the heat rises to the temperature of actual 
combustion, and extends from the inside to the outside of the 
heap of slack, where, meeting with greater quantities of air, 
combustion can take place freely, and the heap of coal then bursts 
into flame. Spontaneous combustion has been frequently 
observed on board shij) where coal is stowed in masses of 
hundreds or thousands of tons, in heaps of small coal laid down 
in stock at collieries, as well as in the underground workings. In 
many mines a great part of the slack made in working is unsal- 
able, and is therefore IcfL I'here are other portions of the seam 
of coal which arc of inferior quality, and therefore unsalable, 
and there arc also other portions of the scam which cannot be 
taken out because they are covered with falls of roof, or which it 
is dangerous to attempt to get for fear the roof should fall on 
the miners. In some mines coal is left in from ail these four 
causes, and these mines are liable to spontaneous combustion. ‘ 
Wax Walls.— Danger from these fires is obviated in a variety 
of modes. In some places where the seam of coal is worked on the 
longwall principle, the gates have been lined with walls about 
9 inches or i foot thick made of lumjjs of clay, tempered in the 
clay-hole on the surface. rhesc continuous walls of clay (sec 

* Some kinds of shale are liahic to spontaneous ignition ; instances of this 
may U* found in S»afrordi>hire, Derbyshire, Dorsetshire, and .*il Ik'ira, Suther- 
laod^hirc. 
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Fig. 235) prevent the air from gelling inlo the goaf between the 
gates, and in the absence of all air there can be no combustion. 
Where these walls are properly made, the only place where fire can 
occur is near the working face ; this, however, is pushed forward 
rapidly, so that the heaps of slack are not exposed for long to any 
circulation of air. If, for any reason, the working should be 
stopped, such as through slackness of trade, strike, etc., a wax wall 
is taken along the face, so as to entirely exclude the air from the 
goaf. A bank of sand is sometimes substituted for clay. 

This system has been extensively used in the Moira district 
of the Leicestershire Coal-field.^ In other districts where there is 
occasionally spontaneous combustion, nothing is done to interfere 
with the ventilation ; but rather it is made as powerful as possible, 
on tlie theory that whilst a moderate supply of oxygen causes 
combustion, on the other hand, a powerful current so cools the 
place that the heat is dissipated before it has reached a dangerous 
point. It is probable that there is a difference in the nature of 
the coal w hich leads to a difference in treatment. If, however, 
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Fir.. 23*5. — G.itc roads resting on brattice wood and wax walls. «, before 
weight came on; after weight came on. i, wax wall ; 2, chocks. 

a smouldering is di.scovered, it must be immediately dealt with. 
I'he plan generally adopted is to shovel out the heated or 
smouldering coal or shale, filling the place with sand. In order 
to get at the place, however, it is sometimes necessary to use 
water to extinguish the fire. The w’ater for this purpose is sent in 
w-ater-tight boxes or tanks on w’heels, and to throw it on the fire 
af^rce-pump like a garden pump may be used. Occasionally the 
apparatus known as “ extincteur ” has been used. This apparatus 
contains an acid and some lime and water. By breaking the 
internal glass bottle containing the acid, carbonic acid gas is 
produced at a high pressure, and by opening the tap the water and 
carbonic acid gas can be projected to a considerable distance. It 
has, how'cver, been found that water is sufficient. In some mines 
water-pipes arc conveyed along all the main roads of the mine, 
and the water is brought down the shaft in pipes, so that there is a 
great pressure. B> means of hose-pipes a pow'erful jet of water 
can be taken into any district of the mine to extinguish a fire. 

* At present it is not much used at Moira. 
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This is, perhaps, the best method of dealing with spontaneous 
combustion or fires of any kind. In South Staffordshire, owing 
to the great amount of coal and slack left in the workings, 
spontaneous combustion frequently occurs, and the mine is 
divided into panels, so that, when a fire takes place in any one of 
these panels, it may be separated from the rest of the mine 
by walls of brick and mortar called*stoppings. In Warwickshire, 
a number of the more important collieries have their present 
workings to the dip of the shaft. To get the coal, headings 
have been driven down to the boundary, and the coal worked 
back. The water that finds its way down to the dip is left to fill 
the goaf, and thus prevents a fire. 

As a general rule, a gob fire in Staffordshire or Warwickshire is 
** built off*' to keep out the air, so that it may extinguish itself, 
the mine being so laid out as to facilitate the separation of parts 
from the rest 

Thick CoaL — The greater part of the coal-mines of Great 
Britain have seams of moderate thickness, that is to say, not 
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Fjc.. 236. — Method of working the blaflordkhirc thick coal. 

e.vceeding 10 feet, and also lying at a moderate inclination, 
'fhere are, however, districts with exceptionally thick seams^ and 
others where the coal lies at a very steep inclination, and special 
methods of working are employed in each case. The thick coal 
districts in Great Britain are South Staffordshire and Warwickshire. 
The South Staffordshire thick coal is from 8 to 12 yards in 
thickness ; tho plan of a mine in this seam is shown in Figs. 236, 
237» 23^* horse-roads are made in the bottom part of the 

coal, and the side of work headed out, the height of the stalls 
being from 6 to 8 feet, the pillars being left as shown. The roof 
coal is then cut down in beds according to the joints in the seam. 
The thick coal is really a number of seams separated by thin 
beds of dirt In order to get the roof coal, it is necessary to cut 
a nick all round the sides of the panel and the pillars ; this nick 
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is cut by the miner with a pick-axe, standing on a scaffold or a 
heap of dirt. In order that it may not fall on his head, “spurns” 
of coal are left at intervals of 2 or 3 yards. When a sufficient 
extent of roof coal has thus been nicked, the spurns are cut out 
by means of a long spear or pike, so that a man standing on the 
ground can do the work ; little refuge holes are cut in the coal, 
where he can run for shelter ns soon as the roof shows signs of 
dropping. In this way all the coal is got down except the top 



I 10 237 —Section of rib-aiid pillar system 


bed, which is left, because when that is got down the shale above 
falls with It, and it is mixed with dirt. It would also be dangerous 
to enter the place to remove the coal, because more dirt might 
fall. The pillars and dividing ribs between the different district^, 
constituting a large proportion of the coal, are often left Some 
times the pit has to be closed on account of the fires. After 
a time the mine is reopened, and workings are made in the 



pillars and ribs. A colliery may be closed and reopened three 
or four times before it is finished. 

There are various modifications of the method of working 
thick coal above described. It is, how'ever, impossible to work a 
thick seam like this without great waste, unless either long timber 
props are used to make the roof safe, as is done in Silesia, or 
packing stone is sent down from the surface, as is done in France. 
In Upper Silesia there is a seam of coal 8 yards thick, which is 


170 


MINING. 


worked in the method shown in Fig. 239. The headings are 
made in the bottom of the seam. When the stalls are cut up to 
the roof, they are timbered with props and bars. No coal is left 
in the mine intentionally, and it is said by the managers that 
nine-tenths of the coal is extracted. 

In the south of France, in the district of Grand Combe, there 
is a seam of coal about 21 feet thkk, lying at a moderate inclina- 
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tion. This coal is worked longwall (see Fig. 240). In the first 
place, workings are set out in the lower portion of the seam, 
taking a thickness of about 7 feet In the main road is a cross- 
gate to the right; this has ten branch gates, 10 yards* distance 
ajjart from centre to centre. The packs are made with stone 
sent down a drop pit from a quarry on thesurfate. From the 
bottom of this pit into the working places the gradient is down- 
hill, so that the stone waggon runs w-ithout any power reiiuircd 
for haulage. When it has been emptied of stone it is filled wuth 
coal, and this goes down the cross-gate into the hauhgc road, the 
gradient of which is tow'ards the winding shaft, where it is raised 
to the surface. The weight of the superincumbent strata con- 
solidates the packs, and a new^ cross-gate is built at a distance of 
say 80 to xoo yards from the first one. At the same time that 
the pack IS consolidated, the floor of the seam is heaved up, and 
Ihe old roads become closed. 'Fhc roof of the first cross-gate is 
cut down, and it fonns a road in a layer of coal 7 feet 
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thick just above the old workings, and gates are started in this 
upper layer and carried forward above the old gob. In a similar 



way a third set of stalls is 
made in the top part of the 
seam, also 7 feet thick. In 
this way the whole of the 21 
feet is got without wasU, 
none of the coal is left in the 
pit, and the whole place is 
tigl>tly stowed wath stone 
from the siirfa( c. T'his 
method of working is very 
good; the cost of stowing i 
working |)lace with stone 
obtained from the surfate is 
said to be in some cases 
about a ton of coal got 
In the St Kticnne Coal- 
field, near the centre of 
France, thtre is a seam of 
c oal about 60 feet thick, 
which lies at a steej) incli- 
nation, about 50'' from the 
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horizontal. This coal is got by means of vertical shafts and 
cross-cuts (see Fig. 241). These stone cross-cuts are about 36 
yards, one below the other. From the cross-cut an incline is 
driven up in the coal, and a layer of coal about 7 feet thick is 
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worked on the level across the seam from the roof to the floor ; 
a central road is taken along the seam, and stilK started right 
and left, as shown in the plan. These stalls arc slowed with 

dirt When this layer is 
worked out, another layer 
of equal thickness is got 
l)elow untier the old gob, 
and so on until the whole 
36 yards of thickness is 
worked out (sec plan, 
Fig. 244, and section.s, 
Figs. 242, 243). The 

stone is brought down a 
drop pit, and is lowered dowm a gentle gradient into the working 
places. The empty stone wMggon is then filled with coal, and 
again sent downhill to the W’inding shaft. 

In Pennsylvania there is a splendid seam of anthracite, called 
the Mammoth Vein. The strata are much contorted, and the 
seam is in some places level, and in others vertical. The scam i.s 
worked by taking wide “breasts” up the hill, leaving pillars 
between, as shown in Figs. 245 and 246, cross- sect ion and 
elevation, 'Fhe scam here shown is 60 feet thick, lying at an 


Fk,. 244 — Hori/onul p’An. The roads air driven 
2!4Z.ig, v; that thovr aV»vc arc over w>lid o * 1 . 
and n A over roadv below, cxcrpi at the » njivsin^s 
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angle of about 60*^ from the horizontal The breasts of work are 
about 12 yards in width, leaving a pillar 10 yards between. By 
means of timbering on each side of the breast, a covered way is 
made for the workmen up and down. The coal is got down from 
the top, and falls in a heap under the workmen. A short heading 
leads from the bottom of the breast to the waggon-way ; the coal 
falls down a slide laid in thtf heading into the waggons in the 
waggon-way. It can be stopped by means of a shutter ; some- 



Ki(.. 245.“ Double shutc brr^it wtib 1 H.. 246.- ‘ elevation. 

l>attcrics sleep dip : crosi-iection. 


times the coal at the face of the breast will come down without 
any working, and falls into the waggon by means of the shoot. 

Vertical Coal-seams. — Coal^eams of moderate thickness, 
and lying at a very steep inclination, are worked in the method 
showm in the longitudinal section (see Fig. 247). Here the 
lowest level is timbered, and on the timbers another set of work- 
men can stand some yards back from the face of the first level; 
this place is again limbered, and other men standing on these 
timbers work the coal above, and so on. Stone from the sides is 
filled in on the timbers, so that the space between the gates is 
filled up with dirt. Shoots, down which the coal is thrown, are 
kept open by planks nailed to cross-bars. The bottom of the 
shoot can be closed by a wooden slide ; when this is opened, the 
coal falls out into the waggon below. 

Very Thin Seams of CoaL — In working very thin seams it 
is necessary to cut away some of the strata, either from the roof 
or from the floor, to make roadways of sufficient height; tlie cost 
of the roads is therefore increased. Sometimes the main roads 
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arc made a good height, say 6 feet, and Urge waggons pass along 
tliese ; the branch roads are made no thicker than the seam, say 



Fio. 2417. — Method of working a thin vertical ikcam. 


2 feet, and small boxes are filled with coal and drawn down the 
branch gate and emptied into the waggon (see Fig. 248). In 
many places these boxes slide along on runners like a sledge ; in 

others, rails are laid, 



ami the boxes have 
small wheels. In some 
mines small boxes on 
wheels go from the 
fare to the winding 
shaft, and no large 
waggon s a re e m I )lo yed. 

Warwickshire 


Fig. 243, Section of gate road in thin seam Thick Ooal* In the 

southern part of the 

Warwickshire Coal-tield .six seams of coal come close together, 
making, with the dirt-beds which separate them, a total thickness 
of about 34 feet, of which, however, only 20 feet is got They lie 
at a moderate inclination, as shown in Fig. 249. These seams 
are worked longwall, the workings in the lowest best being in 
advance, and the other faces of work following. These workings 
are liable to spontaneous combustion. Most of the collieries are 
DOW getting “dip** coal in the following manner, A pair of 
headings are driven down to the dip boundary, and then opened 
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out on each side to a distance of perhaps 100 or 200 yards. 
Workings are then brought back as in a longwall face, beginning 
in the bottom seam, building the dirt into packs behind, and main- 
taining a road along the face to fetch the coal from the further 
end. Behind this face a similar one is opened out in the seam 
above ; and, 20 yards behind that, another face in the third seam ; 



VHj. _>4y.~Sc(.iion llirough working plaocv in four contiguous seams (Warwickshire 
Loal-ficld) 



and, 20 yards further back, a fourth face in the top seam. I’he 
air is brought down one of the headings, is turned to the left 
along two of the leading faces, goes down an air-road connecting 
the working faces at the side, returns along the lower face to the 
other side, then back 
along the two upper faces 
to the return air-road. 

The dip workings arc 
allowed to fill with water. 

Bristol Coal-field. 

— In the Ikistol Coal- 
field a method of working 
is adopted shown in Fig. 

250.^ This represents a 
level started out of a dip 
incline. 'I'lie stalls arc 
14 yards wide ; gate roads 
are ]jackcd with dirt. The thickness of the coal is about 3 feet. 
At the corner of each gjte road a 4-feet-sqiiare pack of timber is 
placed. The coal is lirought down the gates in sledges, and 
tipped into a waggon on the level. From the cross-gate to the 
lower level the roof is ripjied for a jig road. 

Varieties of Working. — In many la^es the longwall face is 
not carried in a straight line, but one stall is in advance of the 
next, so that the line of face is in steps, as shown in Fig. 251. 
In this case the seam of coal is 5 feet thick, lying nearly level 
The face is supported by props and by limber chocks about 
2 feet square ; the dirt is built into packs behind the timber and 
along the side of the gate and air-way ; each stall is about 30 yards. 

In coal-mines where the seam has a considerable inclination, 
as in Fig. 252 (which shows in sectional elevation a longwall 

' I’apcr by Dr. Saisc, Noiih of England Institute. 
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working place at a colliery near Liege; Figs. 253 and 254 show 
some kinds of maundrils used in Belgium), the coal, after it is cut, 

slides downhill to the waggon- 
way, where it is loaded into the 



waggon. 

In some Pennsylvanian mines 
hefidings are driven out in the 
coal, leaving pillars 15 or 20 
yards wide. The pillars are then 
w'orked bark, the roof breaking 
down behind ; the dip being 
rather steep, the coal is sent 
down a sheet-iron tube called a 
schute.” 

In Bohemia a seam of brown 
coal IS got 30 or 40 feet in 
thickness, lying at a moderate 
inclination. Levels are driven 
out in the bottom of the seam. 


Vh 


L. 751 — N ork*.htrc Ccllicr) longvkaii 
lacc in steps 


leaving .1 pillar about 25 yards 
wide; this pillar is 
worked by driving a 
stall across it about 



10 253.— section level gfttcn, showing longwall 


7 yards wide, leav- 
ing a nb next the 
goaf 4 yards wide. 
'J'his stall IS only 
taken in the lower 
part of the scam, the 
coal above being 
supported by proj)% 
In working bac k, the 
pro[)s are sometimes 
removed in a rather 
interesting manner. 
Dynamite cartridges 
are tied to the top 
of some of the props, 
and discharged by a 
fuse, 'ri'c [irops are 
thus knocked out, 
and the shock also 
shakes the coal so 


place m tteep mcaaunt*. jj f^lJg in a 


great heap, giving the fillers sufficient occupation for several days. 
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In many districts a modified system of pillar-and-stall, known 
as wide-banks, is adopted ; this is shown in Fig. 255. In this 
case the banks are about 20 yards wide, leaving pillars of about 
the same width. Cross-cuts are cut 


through for ventilation about every 20 to 
40 yards ; a pack is built alon^ each side 
of the stall, as shown in the section in the 
figure, forming a waggon-way; the roof 
is allowed to break down between the 
packs. The pillars are afterwards ‘‘brought 
back ” by means of the same waggon-way. 
This system is adopted in seams of various 
thicknesses from 4 up to 8 or 9 feet 
Metalliferous Mines. —The work- 



F‘igs. 253, 254. — Maundrils used 
in Uclgium. 


ing of metalliferous mines may be understood by reference to 
Fig. 256, which shows a vertical section of a copper-mine, such 
vertical section corresponding to the plan of a level mine. It is 
seen that the mine is got by vertical or nearly vertical roads 
called shafts, and by levels and by intermediate vertical shafts 



Fk,. IMlar-.-iml v{.dl. Stnith \V,d«'> \, section i f d 'ublc stall 


or cross-cuts called winzes. Workings arc also made upwards 
from the levels called slopes, as shown shaded on the section. 
Pillars are left near the shafts to prevent them from being 
crushed. These slopes are made in tlie ore which the mine- 
manager considers most profitable. 

In some cases the whole of the vein is got, in others only a 

N 



178 


MINING. 


small portion. A stope is shown on a larger scale in the vertical 
section Fig. 257, which is sketched from a gold-mine in North 
Wales. The mineral is got by blasting ; the workmen above the 



Fig 256.— Longitudinal «;cction of copper-mine. 


bottom level stand on timbers wedged across the vein, over which 
planks are laid, so as to protect the w^orkmen below. Sometimes 
the stopes are made downwards from the level, as shown in the 

vertical section Fig. 258 ; 
this is taken from a Cor- 
I nish tin-mine. In this case 
** \ levels are 60 feet, or 

ijiuju uuu ^ fathoms, apart ; the vein 

is hereabout 20 feet thick, 
^ ^ of exceedingly hard rock, 

^ through which the tin ore 

^ ^ IS disseminated in minute 

5 1 particles. Compressed-air 

i ^ power drills are used 

for heading: hand-hammer 
drills are used in the 

F,r. ,57.-Gold-m««: longitudinal «c..on of 

down a shoot into the 


waggon, which is run to the shaft, and there tipped into a hopper. 
It is drawn up the .shaft in a hutch, which is filled from the 
hopper by drawing a slide. Cross-cut drifts are driven from one 
vein to another, as in Fig. 259, which is a section showing the 
veins and works of a gold-mine ; a similar plan is adopted in 
most metalliferous mines. 


Salt-mines. — Rock-salt is extensively mined in various coun- 
tries; in England it is got at Northwich, in Cheshire, on the pillar- 
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and-stall system, as shown in section Fig. 35, and in plan Fig. 260. 
The salt here lies in two beds, each about 25 yards thick* In the 
mine shown in the figures the lower bed only now is at work, and 
of this only the lower 7 yards are being mined. The pillars are left 
12 yards square in rows 25 yards apart ; the depth to the bottom of 
the mine is no yards. Although the pillars only constitute about 



one-tenth of the area of the mine, and have a pressure of nearly 
3000 lbs. on the square inch, they show no signs of crushing. 
A coal-cutting machine, driven by compressed air, is used for 
holing on the top cutting. After holing, the salt rock is got down 
by blasting, and the lower part of the scam is got up by blasting. 
The shafts are tubbed through the boulder sand to keep out the 
water. 
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Slate Quarries and Mines. — Slate-quarrying is a very im- 
portant industry in North Wales. At the celebrated Penrhyn 
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Flo. 25^ •— SLetch ‘;houin’ ‘.ituation ot a gold mine Fig. 260. — Northuich Salt-mine: plan of 
in North Wales a p.art. 


Slate-quarry there is an open hole, a photograph of which is shown 
in Fig. 261. This hole is worked to a depth of goo feet from the 



Fic- Pcnrhyti Siatc-quarry. 


upper working.s <lown to the lowest workings. There arc fourteen 
or fifteen terraces, each 6o feet high, and from lo to 20 yards wide. 
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There is a railway on each terrace, and branches to every place 
where the men are at work. The slate is got by blasting, gun- 
powder being used, except in hard places, where gelatine is used ; 
the shots break the slate off along invisible lines of fracture 
called pillaring lines, which are at right angles to the planes of 
cleavage. Every terrace is connected by a tunnel with a winding 
shaft. The mine (quarry) is in*several divisions, so that the whole 
cannot be seen at a glance* One thousand seven hundred men 
and boys are employed at the quarry ; every hour a horn is blown, 
when the men go into refuge-places, and the shots are fired. The 
beds are inclined at an angle of say 30° or 40® from the hori- 
zontal. The lower workings are drained by two hydraulic pump- 
ing-engines, the water pressure being about 70 lbs. Each engine 
has three cylinders and three bucket-pumps. The buckets are 



Fir,. 263. — Section of quarry and shafts A, Hydraulic pumping engine ; 
n, v^tnding machinery'. 


14 inches in diameter, with a 4-feet stroke ; they deliver the 
water into a level which is 50 yards above the bottom of the 
quarry. The shaft is sunk in a rock locally called “ granite,” 
which is below the slate-beds. There are enormous heaps of 
waste slate, only about one-tenth of the entire production being 
made into marketable slates. Fig. 262 shows a section of tlie 
quarry and shafts. 

In the neighbourhood of Ffestiniog, the slate is extensively 
got by underground w< rkings reached by levels driven under the 
mountains, the workings being sometimes 1000 feet below the 
surface. 

Fig. 263 is a section of a working place. This shows tw^o veins : 
the old vein, 46 yards thick, has a roof of chert, a hard siliceous 
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rock; and the newvein below, 26 yards thick, separated by a bed 
of chert 2 yards thick. The beds lie at an inclination of 22° from 
the horizontal. The cleavage planes are at an inclination of 34° 
from the horizontal. The mode of working is pillar-and-stall ; the 
stalls are called breasts, and are 45 feet wide, the pillars 24 feet 

wide ; the levels are about 
55 feet vertical distances 
apart The slate is got by 
blasting; the blast-hole is 
made with a |-inch drill 
The hole is filled with })ow- 
der rather smaller-grained 
than ordinary blasting- 
powder. Very little lamp- 
ing is done on the top, or 
else the slate would be shat- 
tered. The position of the 
hole is shown in Fig. 264. 
The shot, a, breaks off the slate along the pillaring line, c d. One 
end of the piece of slate is already loose from the previous blast, 
and the other breaks off along the natural joint. 'J'he bottom 

of the block separates 

SECTION ' PLAN 
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from the mass along one 
of tile planes of cleavage, 
as shown in the section. 
It will be seen from this 
figure that slate (and in- 
deed every other mineral) 
has to be sejiarated from 
ihe mass along lines in three planes. 'I hese three planes, in the 
case of slate, arc, the natural joint, the pillaring line, and the 
cleavage line ; and the sejiaration of the lumjis from the mass is 
facilitated by the previous operation having set free one end and 
the upper surface. 

Hydraulic Mining. — Gold is often found disseminated in 
the diluvial deposit of old river-beds. In order to reduce the 
labour of excavating the material and w^ashing it, water is brought 
in wrought-iron or steel pif>es from some high level, and is then 
directed through a nozzle upon the bank (see Fig. 265, which is 
a photograph taken by the writer in Colorado). The jet of water 
issues with such force that it knocks down fragments from the 
bank, which are carried away in the stream and down wooden 
troughs, where the gold is 8ef>arated from the dirt It is said that 
this process can l)c profitably applied if the amount of gold in 
I cubic yard of bank is worth 5/?. This is a remarkable instance 
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of economy of working, because, whilst the rate of wages in the 
Western States is a great deal higher than in Europe, would 
be a very low price even here for merely shifting a cubic yard of 
material. 



Fig 265.— Hydraulic goid-ramiDg. 
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CHAPTER VIII. 

VENTILATION : DOORS, OVERCASTS, HRATTICE, PIPES, FURNACES, 
FANS : THEORY. 

Both by law and by circumstance, it is necessary to produce 
sufficient ventilation in the mine to dilute and render harmless 
the noxious gases. It is, however, easy to produce a current of 
air in any place which has an inlet and an outlet, as in a dwelling- 
room, where an open window may serve for the inlet, and a 
chimney for the outlet For the ventilation of mines it is neces- 
sary to have a similar inlet and outlet ; it may be made either by 
levels, inclines, or vertical shafts. The same princi|)le is observed 
throughout the whole mine, which is divided into inlets, technically 
called ‘‘ intake.s,” and outlets, technically called ‘‘returns.^^ These 
intakes and returns are separated by a pillar of the mineral worked, 
or of the strata in the case of cross-measure drifts, or by j)a( ks. 
In order that the air may pass from the intake to the return, it is 
necessary' to make a cross-road connecting them, and the circuit 
of ventilation is liien comjilete so far as this cross-cut. 

Brattice. — As for that part of the main road which ( ontinues 
beyond the cross-cut, there is no thorough current of air ; it is, 
therefore, necessary to divide this road (such road being locally 
called a heading, drift, bord, end, stall, etc.) by some artificial 
partition technically called brattice (see Figs. 266 to 270). 1 'his may 
be made by erecting wooden posts, either in the centre or a little 
nearer to one side, down the length of the road, and nailing from 
post to post board.s, say | inch thick. 'J’his brattice is con- 
nected with the side of the road l^efore the cross-cut is reached ; 
the air must now pass up one side of the brattice to the end of 
the road, and then down the other side, and so through the cross- 
cut, and then up inside the brattice of the second road, returning 
on the outside. Cloth is now generally substituted for wood 
(Fig. 267) ; this cloth is frequently a very coarse canvas, with some 
tar to save it from decaying ; oilcloth is often used, wliich is less 
j)ervious to air. When cloth is used, a wooden lath is nailed 
against the roof from |>ost to post, the cloth being nailed to this 



VENTILATION : DOORS, OVERCASTS, ETC. 185 

latl), any cavities above the roof being stuffed with bits of cloth 
or other soft material ; the lower end of the cloth is buried in 
slack or dirL If this brattice is carefully fixed against a smooth 
roof, and the cloth nailed tight to a post at every joint, and has a 
good air-space, say not less than 3 feet on each side, it will carry 
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Tics. 266, 207. — Methods of bratticmg. 


cl good ventilating current up to the face of the road or heading 
for a short distance. It will, however, only be by the exercise 
of the utmost care in fitting the joints of the cloth nailed at a 
post, that a good current can be carried for a distance of 50 
yards. In the case of some very fiery headings, it is difficult to 
take a sufficient ijuantity of air oven that distance ; it is, therefore, 
necessary to put in the cross-cuts more frequently, say every 20 
or 30 yard.s. In the case of some thick seams 
of coal, a brick brattice is used (Fig. 268) : 
here the brick wall is turned in the shape of 
the (juadrant of a circle over one corner of the 
heading, the cross-cuts being at distances of say ^ 

from 50 to 100 yards, the bricks being pulled *^‘b’r«tfq~adranr*' 
down and rebuilt When it is desireil to tike 
a heading a long distance without a cross-cut, a brick wall is built 
from floor to roof, forming practically two roads (Fig. 26g). If 
the top of the drift is too high and rough, the wall may be carried 
to a height of 5 or 6 feet, and boards placed across from this wall 
to the side of the heading, supported on a longitudinal bearer ; 
the toj) of the boards is then covered with mortar, and the joints 
with the sides of tlie heading made with mortar (see Fig. 270). 

Air-pipea. — Instead of brattice air-pipes are often used (Fig. 
271); they may be made of wood of any required dimensions, 
say from 12 inches .square inside up to 4 feet by 2 feet. A 
wooden socket is formed at one end of each pipe, into which the 
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Other pipe fixes, made tight with packing. Circular pipes of 
cloth are often used; light rings of wood or iron distend the 
cloth ; this pipe is suspended by strings or wires from the roof. 
A cloth pipe is, of course, more leaky than a well-made wooden 




t iG 269. — Brat ticed brick wall. 


Fig. 37o.-~Bratticed brick wall, 
covered. 


pipe, and will, therefore, not take the current so far. Iron pipes 
are perhaps more generally employed than any other kind ; 
these are made of sheet iron, with a longitudinal riveted seam, 
the iron being sufficiently thick — say inch, or more — to 
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FlO 271.— Air-pipcs. 


keep its shape. One end of each pipe is slightly tapered and 
fits into the larger end of the next pipe ; it should be tight with- 
out packing, but the joint may he covered with a large flat 
indiarubber ring outside. These pipes may be laid on the side 
of the road, or suspended by wires from the bars. 

Care required in using Air-pipea — Pipes arc often more 
convenient than brattice, but they must be used with great 
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discretion if the ventilation is to be efficient. Take the case of 
a heading divided by brattice. The road is 6 feet high and to feet 
wide ; the brattice near the centre has a return air-way of 6 X 4 
= 24 square feet Suppose, now, an air-pipe 14 inches internal 
diameter is used ; it has an area of only i square foot, or that 
of the brattice. If, therefore, the pipe is so arranged that the 
intake air is blown through The pipe to the face of the heading, 
the small current so delivered, reaching into the face and to the 
top, may clear away the gas so that little can be detected upon 
examination. But all along the sides of the heading gas may 
exude, and 10 yards back from the face there may be an explosive 
atmosphere (see Fig. 272); this could not happen with brattice, 
because, owing to the leakage of air through, over, and under the 
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( loth, the face of the heading is alv\ay^ the part least likely to be 
ventilated, and if that is clear all else will be safe (see Fig. 272)* 
'I'he danger caused by a small pipe may to some extent be 
remedied by using a laigc pipe, say 20 inches in diameter; and 
not merely one line of pipes, but two, three, or even four, laid 
one above the other. 

Method of fixing Pipes and Brattices.--Fig. 273 shows 
some bratticed levels in a seam of moderate inclination; the 
arrangement of brattice indicated is bad. Fig. 274 shows an 
improvement ; it will be noted that in this case the lowest 
is m advance of the second one, and that is in advance of the 
third one. The cross-cuts are so set out that they amve at the 
place of junction just as the level reaches the same place ; in this 
way the length of brattice is reduced to a minimum. In the 
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second arrangement there is less hindrance to the air, and conse- 
quently a greater volume is conveyed to the end of headings. 
Fig. 275 shows an arrangement of air-pipes which is bad; it will 
be observed that the air returns from the face of the lower level 
through a pipe w hich passes up the cross-cut to the face of the 
level above, where it delivers the air which has been already 
fouled with gas from the lower level. Fig. 275a shows an 



improved arrangeincnL Here tne air pipe from the lower level 
dehvers the air through a cloth or other stopping at the bottom 
of the cross-cut ; the supply for the upper level is taken by another 
pipe from the intake side of the stopping, and delivered into the 
face of the upper level , thus each level has a supply of fresh air 
The length of pipe em[)loyed in each case is the same, but the 
resistance to the air t iirrent is less in the second case, because 
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there are two pipes instead of one. Fig. 276 show's another 
arrangement of air-pi[>es which is bad, and hig. 276^7 shows a 
rearrangement of the air-pi{)es which is good. Fig 277 shows a 
case where a number of stalls arc started uphill from a pair of 
levels ; if all these stalls were ventilated by brattice, it might be 
done in the way shown. Here each stall is divided with a 
brattice w hich crosses the upper level, so that the level is obstniclcd 
with a brittice for every stall that is started ; on the other hand, 




Fig. 277. — Brattice for a number of stalls. 


which were to blow into the face of heading ; the lower level must 
then be the intake road (see Fig. 278), and there must be a cross- 
cut opposite each stall. Each cross-cut is closed with stopping, 
and from this stopping one or more air-pipes carried across the 



F'j<, 27S — Air-pipes for a number of stalls. 


level to the face of heading ; there will thus be a separate supply 
of fresh air blowing into each heading. 

Doors, Stoppings, etc. — It is frecjiiently necessary to make, 
as in Ihe above example (Fig. 277), a passage through brattice, 
and the opening is closed by a door. This door is usually in the 
form of a piece of brattice cloth nailed at the top and loose at 
the bottom, so that it can be partly lifted and partly pushed on 
one side. 

In driving a pair of roads, as each new cross-cut is made the 
old one requires to be stopped up ; a permanent stopping may be 
made by filling or half filling the cross-cut with dirt, or by building 
a brick wall with mortar 9 inches thick. A stopping composed 
of a single wall would be broken down in case there was an 
explosion, but a stopping composed of a heap of dirt 4 or 5 yards 
long at the top would not ]>e cleared out. Stoppings are 
frequently made with a brick wall at one end of the place, which 
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is afterwards partly or entirely filled with dirt In fiery seams it 
is desirable that the stoppings should not be quite light, so that 
some air may always draw through ; otherwise cadi partially 
filled cross-cut would become a little reservoir of explosive gases. 
A temporary stopping may be made by nailing boaids across, or, 
more usually, by nailing cloth across. If it is necessary for the 
conveyance of mineral or the passage of workmen to have a door, 
this may be made by hanging a sheet ; such a door is necessarily 
leaky, and it is usual to hang another sheet at a distance of a few 
yards. Sometimes three such sheets may be hung in one cross-cut ; 
each of these canvas doors may be made of a double sheet ; the 
opening is in the middle. Where there is a considerable pressure 
of air, it is necessary^ to have wooden doors to [irevent a large 
leakage. These doors are generally fixed in a wooden frame, and 
built into a brick stopping. As a general rule, every door should 
be checked, so that when it is open there will be no through 
current; that is to say, there must be a second door uhich will 
be shut all the time the first is open, and this second door must 
be at such a distance that a horse with a train of waggons may 
rest between the two doors when closed. Sometimes a sheet is 
hung instead of a check door. Where the doors separate the 
main intake from the main return, there should be at least three 
doors, each separated by a sufficient distance for a horse and 
train of ws^gons. In roadways connecting the intake and return 
near the pit-bottom, the separation may be maintained by four or 
five doors. In case of an explosion, it is probable that all these 
doors would be shattered and swept away. To meet this con- 
tingency, reserve doors are sometimes attached to the roof and 
fastened open with a latch. It is thought that the lilast would 
pass under such a door, so that after the explosion it might be 
let down. It is often necessary to divert 
the main {)ortion of an air-current by 
doors, whilst allowing some to pass; a 
sliding shutter is then placed either in 
the door or in the slopping (see Fig. 2 7<>) ; 
this slide can be adjusted so as to leave 
an opening sufficient and then fastened. 
I’hese sliding shutters are technically 
called regulators. A regulator is very 
conveniently made by hanging sheets 
across the road so as to hinder the cur- 
rent; these sheets are of com|)arativcly 
little hindrance to the passage of horses, etc, and are less liable 
to be left open. Every door must be so hinged that after it has 
been o{>encd it will swing to automatically. Owing to tlic squeeze 
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of the strata, the door-frames are constantly pushed out of shape 
and position, necessitating continual readjustment of the door. 
When a driver approaches a door, he has to leave his horse to 
prop the door open, and it is evident that it may occasionally, if 
rarely, happen that the door is so left open. Where there is 
much traffic it is necessary to have a door-boy to open and close 
the door; this is the proper^ arrangement, but for economy of 
working it is necessary to have very few doors on the haulage 
roads. It is very frequently necessary to take one air-ro^ 
across another; this is done 
by air-crossings, sometimes 
called overcasts. The road 
which serves for haulage is 
continued at the right level 
or gradient; the road which 
is merely for ventilation is 
taken over or under. Fig. 280 
shows an overcast of simple 
contrivance. Fig. 281 shows one composed of brick and timber, 
the construction of which will be understood from the drawing. 
Two small doors are shown leading into a covered passage, and 



Fig. 280 — Overcast in ground. 



Fu.. 281 — Overcast, bri<.k and timber. 


thence into the return air-way ; through these waggons can be taken 
to use in air-road repa rs. Fig. 282 shows an air-crossing made with 
iron; and Fig. 283 shows a temporary air-crossing made by build- 
ing two stoppings in the return and connecting them by pip^ laid 
across the horse-road. There must, of course, be a door in the 
stopping, or near, to allow men to pass, if necessary. The use of 
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overcasts is essential to the proper ventilation of a large mine. 
Fig. 284 shows the arrangement of ventilation at a colliery, 
which is sufficiently explained by means of the references. It will 
be seen that there are four main air-currents, or splits as they are 



technically called; each of these splits is divided again, making 
nine in all, so that fresh air is brought to the workings in nine 
different places. Some of these air-currents traverse a shorter 
distance than others, and an undue proportion of ventilation 
would go into that district were it not for the regulator shown on 
the plan. It is sometimes practicable, with a little care, to arrange 
that the ventilating currents shall be nearly the same lenLjth ; in 

that case regulators are not 
required, and the air will 
divide itself evenly through- 
out the mine if all the air- 
w’ays are the same size. A 
short difference in length 
does not materially affect the 
amount of ventilation, be- 
cause the amount of ventila- 
tion in all air-courses of 
different lengths varies, not 
in jiroportion to their lengths, 
but in proportion to the 
square root of their lengths. 
Thus if one road were 10,000 
feet long, and the other road were 6400 feet long, each road 
being of the same seriional area and connected with the same 
shafts, then the air-current in each would lie inversely pro- 
portional to the stjuare roots of 10,000 and 6400; that is to 
say, in the proportion of 100 to 80, the larger quantity passing, 
of course, along the shorter road. If it were desired to make 
the ventilation more nearly equal in each district, a few sheets 
hung partly across the shorter road would have that effect 
It will be seen, on reference to the plan, that each main s|)lit of 
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the first road requires an overcast, so that three overcasts are 
required. 

The ventilation of metalliferous mines should be conducted 
on the same principles as those of coal-mines, but it has 
frequently been very much neglected. T'he absence of fire-damp, 
which has but rarely been discovered in metalliferous mines, has 



Fig. 284. — Method of working and ventilating a long-wall cullicry. 
wahd coal; roadways in goaf; overcasts; D. doors; 

cloths; K, regulator. 


roadways in 
1, stoppings ; C, 


removed the main incentive to good ventilation, and miners have 
been too frequently allowed to work in an atmosphere unfit to 
breathe. Where the seam is very steep, as is usual in metal- 
mines, the cross-cuts are generally pits called “winzes.’' By 
means of sheets, doors, and stoppings, the air-current can easily 
be directed. A good air-current is necessary for the proper venti- 
lation of a metal-mine, in order to clear away the smoke from 
explosives, as well as to supply the men with fresh air to breathe. 

Means of producing Ventilation.— No vsork is ever done 
without absorbing power, and some source of this must be dis- 


covered in every instance. In the case 
of mints, this power is sometimes in 
the wind. At the top of the pit is 
placed a large funnel (see Fig. 285), 
which is directed towards the quarter 
from which the wind blows, and the 
pressure caused by the converging cur- 
rents in the funnel forces the air down 
the pipe into the mine. This method 
IS employed in little mines sunk for 
purposes of exploration, such as lead- 



mines. In the case of a mine yielding 

fire-damp, this ventilation w^ould be too irregular to be safe. 


Anotlier source of power is that of falling water. If a pit were 


o 
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on a hillside (Fig. 286), and drained by a level from tlje valley, 
a stream of water might l)c turned down the shaft, wd in falling, 
the water would drive a current of air into the mine, the water 

running off by the 
level. Another source 
of power is found iu 
1 ! temperature of the 

1 ^ earth. The normal 

temperature of the 
isS earth in temperate 

latitudes, at a depth 
^ of say 50 feet from 

rri ^ the surface, is about 
1 1- w'Afrrf^'i 5® «incl this 


temperature is con- 
stant winter and summer. Nearer the surface the tcmjKTature may 
vary slightly with the seasons ; below this depth it inc reascs. 'I his 
increase has been found by observation to be in many places 
at the rate of T Fahr. for every 6o feel in depth below the 
50 feet normal. Thus at a depth of 650 fcct^ the temperature of 
the strata would be 60 ; at a depth of 1250 feet, 70^ ; 1850 feet, 
80°, and so on. But this increase of temperature is less rapid, 
being in some instances T for every 90 feet ; and in the case of a 
deep bore-hole in the United Slates, the temperature was found 
to increase, down to a depth of 4500 feet, as reported liy the 
underground temperature committee of the British Association, 
1892, at the rale of 1 for every' 65 feet on the awrage. 

This increase of femperaturc jiroporlional to the dcf)th below 
the surface, and not below the sea-level ; thu.s, if one shaft is sunk 


at the sea-level to a def>th of 
1000 feet, and at the same place 
a level is driven under a moun- 
tain 1000 feet high, the tempera- 
ture in each mine will he the 
same (see Fig. 287). In the 
British Isles the temperature of 
the air at the surface seldom 
exceeds 60”, and therefore the 
temperature of a mine 1200 feet 
deep will, as a general rule, be 
¥>g a87 -Earth-umperaturc. Warmer than the air even in the 

hottest part of summer. 

In the case of a mine with two shafts, it is nearly always the 
case that there is a current up one shaft and down the other. 
Though it may be difficult to say what starts the current, yet, when 
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once started, it is easy to understand why it should continue, 
because the air in the downcast will have a temperature of say 
50®, and will p^s through a mine with a temperature of say 70®, 
therefore the air in the upcast will have a temperature of nearly 
70°, and will therefore be lighter than the air in the downcast. 
This being so, of course it will continue to ascend, and the air 
in the downcast will continue 4 o descend. It is as if there were 
a pair of scales, and the cold air were in one scale and the warm 
air in the other, in equal volumes ; the cold air, being heavier, 
would of course overbalance the light air, and the scale containing 
the light air would go up. If, instead of a mine 1200 feet deep, 
a mine only 100 feet deep is considered, then in winter-time, 
if a current were by some accident started in one direction, it 
would continue in that direction, because the air in the downcast 
would be of say 40° temperature, the mine would have a tem- 
perature of say 50°, and the air which passes through the mine 
and entered the upcast wmld have also a temperature of 50°, 
and would warm the upcast shaft. This current would continue 
until the approach of summer, when the air coming to the down- 
cast would also have a temperature of 50®, and the mine is no 
longer increasing the temperature of the air ; therefore, the down- 
cast being as wann as the upcast, there is no difference of weight, 
and therefore no current, and the mine would be unventilated, 
and work would have to be suspended. In 

summer-time, however, there may be natural r*-p 

ventilation in case the two shafts are not ^ ! j 

the same depth. Suppose one shaft was g | \J ! 

sunk on a hill to a depth of 150 feet, and i | 

the other shaft was sunk in the valley 50 j — — I ' 

feet deep, the difference in level between 
the two tops of the two pits being 100 feet 
(see Fig. 288) ; then a current would 
start down the deep pit, because the 
ground would cool the air, and it would be 
heavier than the free air above the top of 
the upcast, and the current of air would 
not cease until the free air was as cold as fig. ass. - Air-cumms in 
the air in the downcast shaft. summer and 

The uncertainty and changeableness of 
natural ventilation in shallow mines has led to the use of furnaces, 
by which the temperature of the air entering the upcast is 
increased, so that even in summer-time it is hotter than the 
downcast air ; but in deep mines, where the natural ventilation 
is constant all the year round, it is still insufficient to cause a 
powerful current through a mine of great extent. 


INTER 
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In metal-mines the workings do not so often extend to great 
distances from the shaft as in coal-mines, and therefore natural 
ventilation is more common, but in collieries it is now exceed- 
ingly rare. 

A simple fire-lamp, as js shown in Fig. 289, is sometimes 
used ; the limp is filled with coal, and then lowered down the 
, N ^ pit, and has to be raised up again when more 

T ” 1 T'' coal is required. This is a convenient arrange- 

j : \\ \. ment sometimes. A more permanent and satis- 

factory arrangement is shown in Fig 290. If 
f winding men or materials, 

^0 I furnace should not be too close, or the 

^ ^ flames may reach into the shaft ; and the smoke- 

^ drift from the furnace should enter the shaft 

lu. 2^0 -F.re-iamp not Icss than 20 or 30 yards from the bottom, 
in shaft order that, when men are being lowered 

down, they may piss the smoke-dritt at considerable speed. 
Whereas, if the furnace-drift were close to the pit-bottom, the 

heat would be too great to bear 
’nj 4 5 whilst the cage was being slowly 

^ lowered to the ground. 

y \L Fig. 291 shows a design for 

V single furnace, the internal arch 

^ long ; the internal arch is made of 

^ f fire-brick; the external arch is red 

brick, d'here is a clear space be- 

Fxg. :i9o,-Furnare and dumb-dnft tWCCn thc archcS flOm 9 inchcS tO 

I furmre-i .ft 2, furni. c fcdaith j Width I tllC ( Urrcnt of aiF 

Irc'kh air shaft, 4, nun. r< luni!». , ^ . , , 

continually passes through these 
spaces. By means of this current the licat of the furnace is i>re- 
vented from [lassmg to the outer ring of brickwork, and through 



FiC. aoi.—VeoiiIaim* ftm&c*. 1, tuner hning of firebrick; 7. ^pnre fnr currem of »ir, 
3, uoicr lining of common britk , 4 , furnate bar* and ■ 
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that ring to the strata, to which it might set fire. The heat 
of the smoke-drift is not dangerously high, because of the amount 
of air mixed with the smoke. 

Fig. 292 shows a double furnace with two fire-brick arches 
and a large red- brick arch over all. The air-current passes along 




FfC. aga. Double veniil.itinK furnace i, fire-brick lininps: a, common red brick , 
3, man-bole and .’or-pasmigcs , 4, damper di»ors . 5, air-holcs , 0, arrangement for 
adjusting damper dtH)r. 


the sides and over tiie top of the fire-brick arches ; the lifting 
doors shield the furnace-man from the heat of the fire. Whilst 
one of the furnaces is being cleaned, the other is at its greatest 
heat, so that the ventilation is never slackened. 

Fig. 293 shows a ventilating furnace with a length of bars of 
30 feet. It is fired at five side doors ; by means of these numerous 
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fire-holes and great length of bars, a regular and intense heat 
can be maintained In some cases where great ventilating power 
is required, the furnace is fired from both sides. In many mines 
it is not considered safe that the air from the workings or from 
some portions of the workings should pass through the furnace, 
because it might be mixed with explosive gas. In this case the 
furnace is fed, either with air from the downcast, or from some 
district w'hich is considered to be quite safe from blowers of gas ; 
the rest of the air is conveyed by a separate road with a dunib- 
drift into the shaft either below the smoke-drift or above it, 
usually below. In this case the air from the workings is heated 
by mixture with the hot air and smoke that comes from the furnace. 
When the mine air enters the shaft below the furnace -drift, it can 




I* IG 293 — f f >ur fumaccv 1, firt-Uvx>rb , j, fire bars and graici. , 3. air->pace» 


be used as a winding shaft. In rase, however, the dumb-dnft 
should enter the upcast above the furnace, then the heat of the 
shaft below the dumb-drift and al)ove the fumace-<irift would be 
too great, perhaps 500°, so that the shaft could not be used as 
a winding shaft, nor would it be safe for any person to enter the 
shaft unless the furnace were quite out. 

Thirty years ago, ventilation of collieries by furnaces was the 
rule, and there were only two or three mines in the country 
ventilated by fans. At the present time, furnaces are m the nunonly 
at first-class collieries, though they arc still numerous. 

The objections to a furnace are, first, the possibility of danger 
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from a blower of gas ; secondly, the inconvenience of shaft repairs, 
if the upcast is used for winding ; thirdly, the expense of the fuel 
and labour of furnace-men ; fourthly, the corrosion of iron tubbing 
and damage to it caused by the expansion and contraction due 
to a varying temperature. In some cases, however, it is con- 
venient to have steam boilers in the pit, and the waste heat from 
these boiler fires, if turned intQ the upcast, is a most economical 
way of producing ventilation ; and where there is no danger from 
fire-damp, this is a very good system. The deeper the mine the 
more efficient is the furnace. In a dry shaft the heat escapes 
but slowly through the brickwork, and therefore the heat, which 
is put into the air at the bottom of the upcast, will, for the most 
part, remain in it till it gets to the top. 

The ventilating power of an upcast shaft depends on the 
difference in weight between the air in it and the air in the down- 
cast shaft. Thus, in the case of a mine 1000 feet deep, for given 
temperatures there will be a given difference in weight ; but if 
the depths of both shafts are increased to 2000 feet, the average 
temperature of each remaining the same, then the difference in 
the weights will be dou])led, and consequently the ventilating 
power of the upcast will be doubled ; but the amount of fuel 
required to heat the air in the upcast will remain the same if the 
quantity of air passing is the same. 

Table VlII., p. 200,^ shows the weight of air at various tem- 
peratures and barometrical pressures, and also the expansion of 
air at equal pressures with increased temperature. 

By means of this table, the difference in weight between two 
columns of different temperature can be quickly ascertained. It 
will be useful to bear in mind that, for the purposes of furnace 
and of mechanical ventilation, the depth of the downcast shaft is 
immaterial ; the depth of the upcast only is important. 

^ J W. Thomas, F.C.S., “ Treatise on Coal-Mines, Gase^, and Ventilation.” 
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Table VIII. 


Temperature on Fahr- 
enheit’s scale. 

Weight of 100 cubic 
feet of air in pounds, 
barometer 29 inches. 

DiflTcrence between ioP 
in temperature in 
parts of a pound. 

Weight of 100 cubic 
feet of air in pounds, 
barometer 30 inches. 

Difference between 10° 
in temperature in 
parts of a pound. 

Weight of 100 cubic 
feet of air in pounds, 
barometer 31 inches. 

Difference between 
in temperature in 
parts of a pound. 

Difference in weight of 
100 cubic feet of air 
due to a rise or fall 
in the barometer of 
I inch. 

Expansion of 100 cubic 
feet of air by being 
elevated in tempera- 
ture 10“ Fahr. 

30 

7-838 



8*ioS 



8 378 


0*270 


32 

7-805 

— 

8 074 

— 

8 ' 343 

— 

0*269 

100*00 

42 

7 *680 

0*158 

7*945 

0-163 

8-210 

0* 168 

0*265 

102 04 

52 

7 * 5^0 

0-150 

7*790 

0-155 

8-050 

0* 160 

0-259 

104-07 

62 

7-387 

0-14’, 

7-041 

ci4<) 

7 895 

0*155 

0-254 

io6*i I 

72 

7*247 

0-137 

7*497 

0144 

7*747 

0-148 

0*250 

108* 14 

82 

7*113 

0*134 

7 * 35 ‘^ 

0139 

7 -f>o 3 

o* 144 

0-245 

1 lo- 18 

02 

6*984 

0*129 

7 * 2-5 

013; 

7* j66 

0*137 

0*241 

I 12-22 

102 

6*k)i 

o* 123 

7*007 

0 - I2S 

7 * 33 > 

013^ 

0 236 

114*25 

112 

6-740 

0*121 

6*072 

0-125 

7*204 

0*129 

0 232 

I 16 - 2 (^ 

122 

0*624 

0*119 

6*852 

0* 120 

7 *084) 

0*124 

0-228 

1*8-32 

>32 

6512 

0*112 

6 •730 

o* 1 16 


0*120 

0*224 

I 20 • 36 

142 

6-403 

o* 109 

6 ■ 624 

0* I 12 

6S45 

0-115 

0*221 

122-39 

i;2 

6-299 

0-104 

6*516 

0 * lOS 

6 - 73 > 

0* 112 

0 217 

*24*43 

162 

6-198 

O* lOI 

6*411 

o- 105 

6*f)24 

0* 109 

0213 

126-47 

172 

6-099 

0-099 

6- 309 

0 102 

6-519 

o* 105 

0*210 

128-50 

182 

6-003 

0*0^ 

6*210 

0099 

6-417 

0-102 

0 207 

*30*54 

192 

5-910 

0*093 

6* 1 14 

0 * 096 

6-318 

o*cy)9 

0-204 

1 32 58 

202 

5*820 

0*090 

6*023 

0*003 

6 223 

0-095 

0-201 

134-62 

212 

5*735 

0-087 

5*033 

0-090 

6*131 

0 *CK >3 

0* 19S 

136-66 

222 

5*651 

0-084 

5*846 

O' 087 

6*041 

o-c/h:) 

0*195 

138-69 

232 

5*569 

0*082 

5-761 

0-085 

5*953 

o-oSS 

O' 192 

140-73 

242 

5*490 

0*079 

5-679 

0082 

«; * S()S 

0*0^5 

o* 

142-76 

252 

5*413 

0-077 

5-f*oo 

0*079 

5-786 

0*082 

0*186 

144-80 

262 

5 * 33 ^ 

0-075 

5*522 

( 0-078 

5-706 

0*080 

O’ 184 

146*84 

272 

5*265 

0-073 

5*446 

0076 

5-627 

0-079 

0*181 

’ I4HS8 

282 

5**93 

0-072 

5*372 

0-074 

5 - 55 ' 

0079 

0*179 

150*92 

292 

5*124 

0*0^ 

5-300 

0*072 

5 ’477 

0 074 

0*176 

152 *96 

302 

5*057 


5*231 

0*069 


0*071 

0*174 

15500 


Fig. 294 shows a mine where the fresh air enters by a 
level drift, and leaves the mine by a vertical .shaft 1000 feet in 
depth. I'he dotted lines above the entrance to the intake show 
a hypothetical downcast the same depth as the upcast. In every 
mine where there is a powerful ventilation, the temperature of 
the air in the dowmeast differs very little from that of the air 
on the surface, and therefore the pressure of a column of air 
at the bottom of the downcast is the same per square foot, 
whether it is confined within the walls of a shaft or is unconfined 
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as in the figure. (In the case of a downcast .shaft there would 
be some reduction of pressure due to friction against the shaft- 
sides.) 

iMg. 29s shows an upcast shaft 500 feet deep, and a downcast 
shaft 1000 feet deep, the bottom of each shaft being on the same 
level. In this case there is a height of 500 feet of fresh air above 
the top of the upcast, which^is equal in weight to the first 500 



Figs. 294, 295. ll>pctlietical downcasts. 


feet of the downcast shaft, and therefore these two upper parts 
of the column may be disregarded, and the effect of the downcast 
IS as if it were 500 feet deep, that is, the same depth as the upcast. 
For future calculations, therefore, the upcast depth alone will be 
considered, the downcast depth being no more important than an 
equal length of level road. 

Ventilating Pressure produced by Furnaces.— The 
following instance shows a method of calculating ventilating 
pressure. 'I'he upcast shaft is 1000 feet high above the smoke- 
drift, and has an average temperature of 192° Fahr. ; the down- 
cast or intake temperature is 62^ Fahr. ; the barometer half-way 
down the shaft is 30 inches. On referring to the table, it will be 
seen that the weight of a column of air 1000 feet high and i 
square foot in sectional area at 62° is 7641 lbs., and a similar 


column at 192'' is 
6ri4 lbs., the dif- 
ference being 15 ’2 7 
lbs. This, theretore, 
is the unbalanced 
weight for each 
column 1 foot square 
at the base. 

Fig. 296 shows 
the effect of a fur- 
nace in a shaft 
1000 feet deep. 


Downcast-^ 

TiJrnp . 

rC Atr ^ 



Fig. 296.— Pressure .iml temperature in fumace-pit, 
dunib-dnli. 


Water-gauge. 

— The ventilating pressure in mines is not generally measured 
in pounds, but by a water-gauge. This w^ater-gauge is usually 
made of a glass tube from i inch to i inch bore, bent in the 
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form of the letter U (see Figs. 296 and 296^). A scale divided 
into inches and tenths is placed between the two columns. 
One tube is covered with a metal cap perforated to admit the 
atmospheric pressure; the other has also a 
metal cap with a branch, 2 or 3 inches long, 
which can be put through a hole in a door 
n I or other partition : thus one column is con- 

nected with the air on one side of the parti- 
al I tion, and the other column with the air on the 

^ J opposite side of the partition. If there should 

be any difference of atmospheric pressure on 
these two columns, the water which is in the 
tube will measure this difference; if the water 
on one side is i inch higher than the water on 
the other side, there is a pressure of i inch of water-gauge. One 
inch of water-gauge is equal to a pressure of 5*2 lbs. on each 
square foot ; this is evident, because a cubic foot of water weighs 
about 62*4 lbs., and j'j of a cubic foot therefore weighs about 
5 ‘2 lbs. 

Ventilating Pressure produced by Furnaces {continued). 
— Referring to the instance above given, where the ventilating 
pressure is 15*27 lbs., if this is divided by 5*2 the inches of 
water-gauge will be found. In this case the water-gauge pressure 
is 2*93 inches, or, in round figures, 3 inches. 

The pressure may also be calculated in another way without 
reference to the table of weights above given. For the purposes 
of approximate calculations, it is sufficient to remember that water 
is about 800 times as dense as air, or that i cubic foot of water 
is about as heavy as 800 cubic feet of air at a temperature of 52® 
and barometer 30 inches ; the exact proportion, of course, varies 
with the temperature and pressure. 

In the case of air and water at a temperature of Fahr. and 
a pressure of 30 inches, i cubic foot of water is about as heavy 
as 820 cubic feet of air. When air is heated and is not confined, 
it expands. 459 cubic feet of air, at a temperature of zero Fahr, 
will expand i cubic foot if raised in temperature, and will 
therefore occupy 460 cubic feet, and an e(iual expansion will 
take place for every degree of temperature. Thus, if the tempera- 
ture were raised 41^ the expansion would be 41 cubic feet, or the 
459 would be increased to 500 ; and if the temi>crature were 
raised the 459 would be increased 141 cubic feet, or the 

459 cubic feet would be cxi>andcd to 600 cubic feet. Bearing in 
mind the above statements, the following rule will be under- 
stood : — 
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D = depth of upcast in feet 
T = temperature of upcast in degrees Fahrenheit 
/ = temperature of downcast 
T = temperature of upcast + 459. 

= temperature of downcast 4- 459. 

X = ventilating column in feet of air of the downcast temperature. 

Then a: = D - 


and WG = water-gauge pressure in inches = 


X X 12 X 1*22 
1000 


P = pressure in pounds per square foot = WG X 5*2 
76 

P = (approximately) 

Q = quantity of air in cubic feet per minute. 

FP = foot-pounds of work done per minute = Q x P 

un u Q X P 

HP = horse-power 

33,000 

Let T = 193° Fahr., and / = 60°. 

D = 1000. 

T -= 193 + 459 = 652. 

/ = 60 4- 459 = 5^9* 

Then, applying the rule — 

/T^\ (I'))iooo X (05^9 

A- = (l))iooo - -i 

Thus the ventilating column is 204 feet of air at a temperature 
of 60° and barometer 30. 

(.v).04 X ^ 

1000 


WG = 


Thus the ventilating pressure is equal to, say, 3 inches of 
water-gauge. 

P = WG X 5*2 = 15*6 lbs. 

FP - (Q)ioo,ooo X (P)i5*6 = 1,560,000 foot-pounds 

and HP = . 47..7 

33,000 

or the horse-power of the upcast shaft is about 47 f. 

The student is, of course, aware that a horse-power is equal 
to 33^000 foot-pounds a minute— that is to say, is equal to work 
done in lifting 33,000 pounds l foot high a minute, or equal to 
lifting I Ih, 33,000 feet in a minute. 

To ascertain the actual pressure of the ventilating column, an 
addition must be made to that recorded by the water-gauge at the 
bottom of upcast to allow for the resistances in the shafts ; the 
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totvil pressure can be best ascertained by calculation founded on 
careful observations of the shaft temperatures and barometic 
pressure. 

Fuel required for Furnace Ventilation. — The amount of 
fuel necessary to heat the upcast shaft will depend partly upon the 
completeness of combustion. If a certain amount of the fuel is 
raked out of the fire with the ashes, or passes up the shaft as 
unbumt smoke, there will be a corresponding increase in the 
amount required ; if the shaft is wet, or if the upcast is tubbed, 
and there is a circulation of water at the back of the tubbing, by 
which heat can be carried away from the shaft, then more fuel will 
be required than in a ])erfectly dry brick-lined shaft. 

For the purposes of theoretical calculation, it is assumed that 
the shaft is quite dry, and that no heat is lost by conduction through 
the strata ; it is also assumed that the air will reach the ventilating 
furnace at the downcast temperature. Both these assumptions 
are different from the actual facts. In the first place, the shaft is 
always somewhat damp, unless artificially dried ; in the second 
place, there is always some conduction of heat through the strata ; 
in the third place, in mines of looo feet and upwards in de[)th, the 
air is always warmer after passing through the mine than the down- 
cast air. But this heat gained from the mine may be set against 
the heat extracted from the air by the sides of the upcast, and it 
is not improbable that one will balance the other where there is no 
water in the upcast except what is properly guided in pipes. 

The following suggestions will show that this is not an un- 
reasonable assumption. The rate at which heat passes through 
a conductor is proportional to the difference in the temperatures 
on each side.' Thus in the upcast the temperature of the strata 
would be say 60"^, and of the air say 180''; in the air-ways of 
the mine the average temperature would be say that of the 
rocks in contact say 65^ Therefore the transmission of heat in 
the upcast, as compared with the transmission from the sides of 
the mine, to the air-current would be as 120 : 5, or 24 : i. There- 
fore, if the upcast shaft is 1000 feet deep, as much heat will be lost 
in that length as is gained in 24,000 feet of underground air-roads. 

The heat produced by the combustion of i lb. of coal is called 
its calorific power, and is equal to 14,400 units ; a unit is 1 lb. of 
water raised Fahr. This calorific power is for pure coal and 
{>erfect combustion. For the purpose of a colliery furnace the 
calorific power may be assumed at 12,000 units only. 

It takes less heat to raise i lb. of air than to raise i lb. of 
water 1®. 

' The heat patting through any substance varies directly a$ the diflerence 
of teinperaiurc of the two suriacci (Box on ** Heat/* p. 210). 
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T he relative heat required to heat a body is called its 
specific heat; thus the specific heat of water is i, but the specific 
heat of air is 0*2374. 

Therefore the weight of air that x lb. of coal will raise 
Fahr. is found by the following rulc-of-three sum : — 


o’2374 : I : : 12,000 : 50,547, or say 50,000 lbs. 

To take a case. The ventilation is 100,000 cubic feet a 
minute, the intake temperature is 50®, the upcast temperature is 
130°; the heat required from the furnace is 130 — 50 = 80°; 
100,000 cubic feet at 50*^ weigh 7811 lbs.; therefore the fuel 

• , . 7^11 X 80 ,, , • 1 • 1 • 

required per minute = - qq q" ~ ^^’49 i niultiplying this 

by 60, the answer, 749*4, represents the pounds of fuel required 
per hour. 

Ventilating pressure is io*6i lbs.; F.P. = 1,061,000 foot- 
pounds ; and H.P. = 32*15. 

749*4 lbs. per hour divided by 32*15 = 23 3, the fuel con- 
sumed per horse-power per hour,^ or say 24 lbs. of fuel are 
required per horse-power in a mine 1000 feet deep. As before 
stated, the efficiency of the furnace varies directly as the depth, 
and the fuel consumption, therefore, per horse-power varies 
inversely as the depth, and may be shown in the following 
table : — 


Shaft 250 feet deep : full consumption per H.P. 96 lbs. 


500 

,, 

, , 

48 „ 

1000 ,, 



24 

1500 


> » 

16 ,, 

2000 

,, 

» > 

12 „ 

3000 

,, 


8 

4000 



6 „ 


So far as published statements (see Table IX.) are concerned, 
the actual fuel consumption is sometimes more and sometimes 
less than the figures given in the above theoretical statement. 


* Fuel consumed generally taken at the amount per houi per horse- 
power. 
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Table IX. 


1 






c 

— ^ 

(S 

3 








E u 
a a 



Authority. 

Dc^ih 

upcast 

Tempe- 

Coals 

burnt 

V'entilatton 

in 



1 


in j 
feet. 1 

! 

d^^m. 

cubic feet. 

gS. 


S 3 K. 






(1 -0 
11 

gS-E 

■5E.5S. 



1 






V 





tn»*. cwt. 





Furnace 

R. Howe 

260 ' 

' 240 1 

1 ^ 

30.358 ' 

5'376 

68 

92*3 

>» 

1 1 

655 

”7 

^ * I 

48,230 1 

5 ' 2 f >3 

37 

36*6 


t* 

234 

345 

198 1 


50.071 1 

4 036 

06 ' 

102-5 


C. Houfton 

200 i 

1 12 0 

57.772 ' 

5’66o 

' "3 1 

69-5 


»» 

\V. Cochrane 

600 

85 

'30 

52,000 j 

2 880 1 

i 61 

40*0 

i 1 

1380 


— , 

126,366 

1 1*180 

26 1 

173 

>f 

J. William- 

798 

! ' 

J j 

1 99,750 j 

9 *620 

29 , 

; 3007 

»« 

son 

594 

130 

i 5 0 

t 55,120 

6*77 

18J 

40*4 

” '1 


Particulars 

900 

(some j 8 0 

280,000 

9*10 

9i 

26*6 

1 

1 

reported to 


steam 


1 




1 

the author 

) 

also) 






.. 1 

( 

by three 
colliery 

1200 

! 

6 10 

100,000 

156,000 

! 

8*64 

23 

20*0 


managers. 

' 870 

i 

8 0 

> 9*88 

! 

i 27*5 


* In this calculation no allowance is made for the heating of the air by the 
strata of the mine, nor for cooling by water or conduction in the shaft. 


If all the air from the mine enters the shaft by a dumb-drift, 
and the furnace is entirely supplied with fresh air, the economy 
of furnace-ventilation is much reduced, because the fresh air 
passing through the furnace serves no useful purpose except to 
transmit the heat of the 6re to the air in the upcast In the case 
of a dumb-drift, if the temperature of the smoke-drift is 500'’, and 
that of the mine air 50^^, and the average temperature of the 
mixture above the furnace-drift 200®, then each pound of air from 
the furnace will have 300^ of temperature to spare for heating the 
mine air. And each pound of mine air will lack 150° of the 
upcast temperature, therefore i lb. of furnace air will heat 2 lbs. 
of mine air ; and of the total weight of air in the upcast, 2 out 
of 3 lbs. will be mine air, and i out of 3 lbs. will be furnace 
air; that is to say, the weight of mine air is increased 50 per 
cent by the addition of the furnace air, and consequently the 
amount of fuel required will be also increased 50 per cent of the 
quantity required if the mine air passed through the furnace. 
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Another method of calculating the relative quantities of mine 
air, fresh air, and furnace air passing up the shaft is as follows : 

Furnace-ventilation with a dumb-drift. Upcast, ii feet dia- 
meter ; downcast, 9 feet diameter. 


temperature of furnace-drift 
„ „ upcast • 

„ „ mine air 

volume of mine air 

„ fresh air and smoke at 500° 

„ „ reduced 

to 200° 

„ mine air expanded to 
total volume in upcast = V* + 7/ 

V X 459 ^^' = .00,000 X i 5 i±^ 
459 + / 459 + 65 

= 100,000 X — - 

524 

- ..5,763 - 521 ^ 

1 — / 200 — 65 

= 1257763-^ — 

;/ X = 56,593 X — - 

4-SO + 1 4^0 4- 200 


Example. 

500° 

200 

65° 

100,000 cub. ft 

82.356 „ 

56,593 
125,763 „ 

182.356 „ 


125,763 


459 + 200 
56,593 X ’ 4 ^ 


V' + 7/ = 125,763 + 56,593 


= 56,593 


82.356 

182.356 „ 


Mechanical Ventilation. — This means the use of pumps or 
fans to })roduce an air-current, instead of a furnace. The mechanical 
ventilator of a colliery is, with rare exceptions, at the top of the 
upcast, which is covered over ; a drift or tunnel from the shaft 
conveys the air into the fan-chamber. The covering at the top 
of the upcast may be movable, so as to permit the passage of 
cages. This covering is often made by a simple bonnet of wood 
or iron as light as possible, which is lifted up by the cage as it 
rises, and dropped on the platform as the cage descends. The 
entrance to the shaft at the top is divided into two compartments, 
just sufficient for t!ie cage to pass through, and as deep as the 
cage, or at least as deep as from the top of the cage to the first 
platform (see Fig. 297). Thu^, when the bonnet is lifted, the 
platform of the cage blocks the entrance to the shaft, and 
prevents any large inrush of air. Sometimes the whole pit-frame 
is covered in nearly as high as the pulley wheels, and a partition 
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separates the two CAges. When the cage has been raised to the 
pit-top, doors in the covering are opened, through which the empty 
and full waggons can be run (see Fig. 298).^ It is not found that 
the ventilation of the mine is materially injured by the opening 
and closing of the shaft-covering. 

In considering the economy of mechanical ventilation, the 
term “ efficiency ” is generally used, and is given in percentages ; 




thus the horse-power of the engine is taken as 100 per cent., and 
the air in the shaft is something less, and may be anything between 
10 and 80 per cent 

The horse-power of the engine is ascertained by means of the 
indicator (see Fig. 299). The indicator shown in the figure is that 
known as the Richards, and is the one most commonly used. 

Other indicators, such as the Crosby, or Tabor, are now preferred 
by many as being better for high speeds, and in other respects. I'he 
Richards indicator has a piston working in a small brass cylinder. 

* In this the doors are on slides, and their weight rctluced by balance- 

weights ; the cage lifts them when it coraes up to the top. a a are the cU»ors, 
and ^ ^ ^ is the w^>orlen covering which prevents the air entering the shaft. 
When the cage is lowered, the sliding doorb a a drop down on to the top of 
the pit and clobc up the opening. 
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The piston is held down by a steel spring ; to the upper end of 
the piston-rod are fastened levers, one of which carries a pencil. 
The piston raises the pencil up and down in a directly vertical 
line. The indicator is screwed on to one end of the cylinder, 
through which a half-inch hole is 
drilled (see Fig. 300). The pressure 
of the steam in the cylinder junder- 
neath ihe indicator-piston compresses 
the spring and raises the pencil 
The pencil is pressed against a piece 
of paper on a drum. As the piston 
of the steam-engine moves, the drum 
is turned by a cord connected with 
the cross-head, and reducing-gear. 

By this means the pencil draws a 
diagram. If there is no steam- 
pressure in the cylinder, this diagram 
is a simple, straight, horizontal line, 
which is cal'ed the atmospheric line. 

When steam enters the c)hnder, the 
pencil is forced up, and shows the 
amount of pressure by the height to -R..hard.-s md.cator. 

which it goes. As the engine moves, 

the line traced on the diagram would be horizontal if the steam- 
pressure were constant ; if the steam-pressure falls, the line also 
falls. Thus the pressure at any part of the stroke is indicated 








Fig 300 — Hor.ronul !»tc.»m-cn4Jnc. ^howln^; the nunle of applyiiiij Rich.-trass 
jntiualor amJ ihc vcltKinteltr. 


by the height of the line above the starting-point. When the 
piston comes back, it ought to fall to the level ot atmospheric 
pressure in a non-condensing engine ; if it does not, it is because 
the steam has not been completely exhausted. In a condensing 
engine, it falls below the atmospheric line. The height of the 
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return line above the starting-point is the measure of the back 
pressure in the cylinder. 

Fig. 301 shows four indicator diagrams, taken from two 
engines, one from each end of the cylinder. As is apparent 
from the figure, one of the engines is condensing, and the other 
non-condensing. An indicator must be placed at each end of 
the cylinder, because it is not likely that both ends will give 
precisely the same diagram. The average pressure may be 
measured by dividing the diagram with parallel lines into 10 
equal spaces. The distance between the steam line and the 
back-pressure line is measured with a scale made to suit the 
spring, and the total measurements divided by 10 will give the 
average pressure. The averages on each end of the cylinder are 


Sr£AM UAfi 



gXHAUST uti£ 


STsX m it Mi 



EXHAUST UHE 


•to 
- to 

• * 
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cur OFF ^/4 \ 

/ cur OFF ^4 1 ■ 

' K^XHAUSr LtNi J 

^^f'XHAUSr UNE^ ' 


ATmoSPM EHt C LtN£ 

Fii;. 301.— Richards's iruiicator diat;rams. 


added together and disided by 2. The area of the engine 
piston in square inches, the length of the stroke in feet, the 
number of strokes per minute, and the average steam-pressure 
are multiplied together to obtain the foot-pounds of work per 
minute. If this result is divided by 33,000, the result is given in 
horse-powers. In the following example the average steam-j.ressure 
is 40 lbs., diameter of cylinder, 20 inches; .stroke of piston, 3 feet ; 
revolutions of fly-wheel, 50 per minute, 'rhen the area of the 
cylinder is 314*16 square inches; from this has to be deducted 
the section of the piston-rod, which is 7 06 square inches. As the 
piston-rod is only at one end, this is divided by 2, making a deduc- 
tion of 3*53, leaving the efleciivc area of piston 310*63, or say 
310 square inches. 

Then 40 lbs. x 310 .square inches x 3 feet x 2 x 50 revolutions 
“ 3,720,000 foot-pounds j)cr minute 

or dividing by 33,000-' 1127 II. P. 

If the engine is a conden.sing engine, the ba( k-j>rcssurc line 
comes below the atmospheric linCi and indicates the pressure above 
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zero. The diagram is measured in the same way ; that is to say, 
the difference between the steam line and the back-pressure line. 

Each indicator should be supplied with three or four springs 
according to the steam-pressure to be measured, each spring 
having a scale ; these scales vary from 8 lbs. to an inch up to 
32 lbs. to an inch, and more for very high pressures. In the 
improved indicators now made* a double spring is used, which is 
found to give better results than the single spring. There is also 
less weight in the moving parts, which is an advantage, because 
the weight prevents perfect accuracy in the diagram owing to the 
momentum. The Richards indicator is usually considered 
sufficiently accurate for engines up to 100 revolutions per minute 
and 300 feet piston^speed. 

Horse-power in the Air.— -This is calculated, in the way 
already indicated in the case of furnaces, by means of a water- 
gauge. For mechanical ventilators the water-gauge is placed in 
the tunnel leading to the fan, so as to ascertain the difference 
between the external pressure and that in the fan-drift, this 
difference (when the fan is at the top of the upcast) being entirely 
due to the action of the fan. 

Great care has to be taken to ascertain this difference with 
accuracy, because the air-current, rushing towards the tube leading 
to the water-gauge, may blow into the tube, and so cause a less 
difference to be indicated than really exists. On the other hand, 
it may blow away from the tube leading to the gauge, and by 
suction cause a greater difference of pressure to be indicated than 
really exists. The tube should therefore end in a box perforated 
with small holes, and so avoid the effects of the air-current. 

The foot-pounds of >vork done on the air are ascertained as 
follows : — 

Q = cubic feet of air per minute. 

P = W.G. in inches X 5*2 lbs. 

Q X P = foot-pounds. 

Say Q = 100,000, and W.G. = 3. 

Then P = 15*6 

then foot-pounds = 100,000 X 15*6 = 1,560,000 
and H.P. = 47*27, say 47! 

Anemometer. — ^The quantity of air passing in a given place 
is ascertained by measuring the sectional area, and also measuring 
the speed at which the air passes. Suppose a road 10 feet wide, 
S feet high, sectional area 50 square feet, speed 1000 feet per 
minute, then the quantity = 50,000 cubic feet per minute. The 
speed is measured by an anemometer ; the usual kind is Biram*s 
(see Fig. 302). This is similar to a windmill The face of the 



212 


MINING. 


indicator disc is set precisely opposite to the air-current ; the sails 
are set at an angle of 45°. The pressure of the air on these sails or 
vanes takes effect, therefore, in two directions — one in the direction 
of the current, which produces no effect ; the other at right angles 

to this direction, which turns the 
wheel round. The spindle of the 
ViSieel gives movement to toothed 
gearing in a case; pointers are 
connected to this gearing, which 
indicate the number of revolutions 
made. The first pointer makes 
one revolution for every 100 feet 
lineal of air that blows past the 
wheel ; the second pointer makes 
one revolution for every 1000 
feet ; the third pointer, one revo- 
lution for every 10,000 feet ; the 
fourth pointer, one revolution for 
every 100,000 feet ; and the fifth 
j)ointer, one revolution for every 
1^.0 3a,-B.r.ra-sancm.ma.r. 1,000,000 fcct j and the sixtll 

pointer one revolution for 
10,000,000 feet 'rhus if the speed of the air-current is looo 
feet a minute, it wull take 10,000 minutes for the sixth pointer 
to make one revolution — that is to say, 166J hours. 

The accuracy of the anemometer raa) be roughly tested 



SIDE 


END 

Fio. yjAM —AiLmw^n and whlrling-ma< hirwr 

by taking it into a long room or gallery of known length where 
there is no current of air : holding the face of the anemometer 
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in the direction he moves, and at arm’s length, let the operator 
walk the length of the room. When the finger of the ane- 
mometer comes to rest it should indicate the length of the 
gallery, that being the length of air-current that has passed 
through the anemometer. Anemometers are generally tested, 
however, with a whirling-machine (see Fig. 302(2). The 
anemometer may thus be rqoved in a circle of say 30 feet 
circumference at any desired speed by means of a weight and 
gearing, and the distance through which it moves is recorded on 
the dial of the machine. The same distance should be recorded 
on the anemometer ; if the record is not the same, the difference 
is noted on a card, to which reference should be 
made whenever the anemometer is used in order 
to correct the reading. 

Another anemometer (see Fig. 303) is Dickin- 
son’s. This is simply a flap which is lifted by the air- 
current The height to which it is lifted varies with 
the speed. The speed is marked on the quadrant 

Another anemometer (see Fig. 304) is Robin- Fig. 303.— Dickin- 
son’s. In this the arms revolve in a horizontal anemo- 

plane. At the end of each arm is a hemispherical 
cup. The wind fills the concave surface at full pressure ; it 
glances o(T the convex surface of the cup on the opposite arm. 
The difterence in the pressure 
on the two cups causes the arms 
to revolve. This kind of anemo- 
meter is generally used at mete- 
orological stations ; it is seldom 
used for mines. 

The speed of the air-current 
may be measured with powder- 
smoke. Take an air-road of 
uniform section, say 100 yards in . . I 

length. At the intake end let ’ | 
powaler be fla.shed. Tiie observer J ( L 
at the other end, seeing the flash, — r— Ir- 

starts a stop-w'atch, which he Fig. 304. — Robinson’:» .incmomcler, 
st0})s tlic instant he smells the 

smoke. In this w*ay the time it takes the smoke to travel 100 
yards is ascertained. 

Another method is to break a bottle containing a strong- 
smelling spirit, say sulphuric ether. The sound of a hammer 
or other signal warns the observer that the spirit has been 
liberated, his nose tells him when the spirit amves, and his stop- 
watch shows the time. 
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Reciprocating Air-pumps. — Fig. 305 shows Nixon’s venti- 
lator (Nixon’s Navigation, Glamorganshire). This is driven by 
a horizontal high-pressure steam-engine, one cylinder 36 inches 
diameter, 6 feet stroke, two fly wheels each fifteen tons. The con- 
necting-rods give movement to two air-pistons, 7-feet stroke, also 



having a horizontal movement These pistons are rectangular, 
in rectangular cylinders; each is 30 feet wide and 21^ feet high ; 
each is carried on four rollers running on two rails. They do not 
touch the walls of the cylinder, but are as near .a fit as can be 
without touching. Each cylinder has 168 suction and 196 delivery 
valves on each end, thus there are 72S valves in all : the fly-wheels 
make about seven revolutions a minute. The efficiency of the 
machine depends on the condition of the valves and the amount 
of leakage past the piston,* 

Fig. 306 and 306 j show the Struve ventilator. This is driven 
by a steam-engine, one cylinder 24 inches in diameter, 4 feet 



— The Sinivc VnyMlavji! pit, Cwm Avun, 

Sick , cluiiiihcr lii m:CII -ll 


I — Stnjvc vcnliU* 

tur . MTition 


4 inch stroke. The speed is reduced by spur-gearing 4 to i. 
Movement is given to two beams, each of which works a 
piston with vertical stroke 7 feet, and a diameter of 18 feet 
3 inches, making 6 i double strokes per minute. The piston is 
* The writer has never heard of any similar machine elsewhere. 
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made of sheet iron I inch thick, in the form of a bell or gas- 
holder. The lower edge of this bell dips into a circular water- 
trough, and is never raised to the top of the water, so that no 
leakage of air can pass the piston. The piston is suspended 
by a rod working through a box in the cylinder cover, so that 
each piston is part of a double-acting pump. The useful effect 
of this machine depends to ^ great extent on the condition of 
the valves. It has been worked against a water-gauge of more 
than 5 inches.^ There are 92 inlet and 92 outlet valves ; each 
valve is 4 feet long, 14 inches deep, made of a light wooden 
frame with a zinc panel. 

Rotary Air-pumps. — The reciprocating air-pumps above 
described have several serious objections. There are a number 
of valves to be kept in good order, and the speed must be slow, 
because, if a large piston is worked rapidly in alternate directions, 
the machinery may be soon destroyed (also the water-packing 
would be splashed out). To overcome these difficulties rotary air- 
pumps have been constructeJ. 

One of these is Cooke’s (see Fig. 307). Here the piston takes 
the form of a drum 22 feet in diameter and iii feet wide. The 



d’^um is attached to an axle which does not pass through the 
centre, so that when the axle turns, the drum sweeps round like a 
paddle. It revolves in a chamber w’hich is as near a fit to the 
sides and periphery of the drum as can be without actually 
touching. An orifice on one side of the chamber admits the 
air from the mine ; another at the top allows the mine air 
to issue into the atmosphere. As the drum sweeps past the 
orifice from the mine, it pushes before it the air in tlie cylinder 
and forces it out at the upper orifice, at the same time sucking 
from the mine another cylinderful of air. In order that the mine 
air may be forced into the atmosphere, and not simply whirled 
* The writer is not aware of more than two of these machines in Great 
Britain, 



216 


MINING. 


round and round the chamber, a valve, x, is always in contact 
with the drum, or rather nearly touching. The mine air cannot 
pass this valve, and therefore is forced out of the upper orifice. 
When the drum sweeps by the valve at the greater radius from 
the axle, the valve is moved away by a system of levers outside 
the cylinder, so that the drum never actually touches the swinging 
valve, the latter following up the .movements of the drum by 
means of the levers. The drum, being fixed eccentrically, would 
be heavy to lift were it not balanced ; it is balanced, therefore, by 
another drum on the same axle or shaft revolving in another 
C)linder. By these two drums a regular current of air is extracted 
from the mine. An engine is attached to the axle or shaft 
carrying the drums. The efficiency of this fan depends on the 
accuracy w'ith which it can be fitted in the cylinder without 
touching, and with which the swinging 
\alve can be kept against the drum also 
without touching, and on the proportion 
of power absorbed by the friction of the 
revolving weights on the shaft bearings. 

Another rotary pump is Root’s (see 
Fig. 308). This figure represents the 
blower as used for blacksmith’s fires. 
Two drums shaped like the figure 8, 
with the longer axes at right angles, each 
carried on an axle through the centre; 
a spur-wheel is on each axle outside the 
casing, the teeth of which are engaged, 
and therefore each axle must revolve at 
precisely the same speed and in opposite 
directions. As each revolving [>iston y)asscs the lower orifice, it 
drives before it and out at the upper orifice the air from the mine, 
which cannot return because the pistons are always nearly 
touching at the centre, 

A large ventilator was erected at the Chilton mine, in the 
north of England (see Fig. 309). The length of the longer axis 
of each revolving drum or piston is 25 feet, and the length of the 
smaller axis 7 feet 6 inches. Each piston is 13 feet wide, and is 
covered with plate iron } inch thick. The casing or cylinder in 
which they revolve is edged with cast iron, and wooden pieces 
adjusted by w’edges diminish the clearance between the revolving 
pistons and the casing or cylinder to J inch. The machine is 
driven by two cylinders 28 inches diameter and 4 feet stroke. 
On the crank-shafts are two bevelled wheels, gearing into other 
two wheels on the revolving shafts of the air-pistons. 

The efficiency of this machine, as in the case of Cooke's, 
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depends on the accuracy with which the pistons can be adjusted 
to the casing or cylinder, and on the amount of power absorbed 
ill friction of the working parts. 

Screw Ventilators. — As a current of air gives movement 
to a windmill, so a windmill, if driven by steam-power, would 
give movement to the air. Ventilators in shape like the sails of 
a windmill have been placed in a circular aperture in a wall, one 
side of which was connected with the upcast, the other side 
with the open air. 

Sometimes, instead of a number of vanes as in the windmill. 
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Fig. 3og — Root’s lar^c ventilator. 
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Fig. 310.— Screw \'enti- 
lator. 


one vane only is used, but it is prolonged, so as to form a screw 
(sec Fig, 310). This kind of ventil.itor is not adapted to mines, 
as it does not produce a sufficient difference in pressure, though 
it has been successfully employed for the ventilation of factories 
and other buildings, where the distance traversed by the air- 
current IS very short. 

There are many modifications of the rotary and screw type 
of machine, but thev have not come into general use. 

Centrifugal Machines. — By far the greater number of 
mechanical ventilators are centrifugal machines, and there can be 
little doubt that they are at once the cheapest, simplest, and 
most efficient. 

Centrifugal force is the force with which any body, revolving 
in a circle, tends to move away from the centre. The reason of 
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this tendency is found in one of the laws of motion, that any body 
set in motion in any given direction will continue to move in 
that direction until some external force turns it another way, or 
stops it Thus a wooden ball rolled along an alley will continue 
in the direction in which it is thrown until it comes in contact with 
a pin. A billiard-ball, if struck in the centre, continues in the direc- 
tion given until it strikes another bail or the cushion. A rifle-bullet 
goes straight until the resistance of the air combined with the 
attraction of the earth causes it to fall to the ground. Therefore 
no loose body can move in a circle — it must be tied to the centre, 
as a young horse will trot round a circle when held with a cord, 
or the rim of a fly-wheel revolves in a circle, being held by the 
arms to the central boss, or a stone in a sling revolves in a circle 
until the sling is opened by loosening one string (when the stone 
immediately proceeds in a straight line). 

In the same way, air can only revolve in a circle when it is 
enclosed in a case. If, therefore, a wheel with paddles revolves 
in a case oj)en at the circumference, and 
with a central inlet (see Fig. 31 1) the air 
which is at the periphery of the fan imme- 
diately leaves the fan in straight lines.^ 
'rhe place previously occupied by the 
departing air is filled by air from the inte- 
rior of the fan, entering through the central 
orifice. It has, however, been found that 
where there is a simple j)addle-whcel, the 
place of the departing air is also supplied by atmospheric air, 
instead of entirely by air from the interior of the fan. This 
supply of atmospheric air is technically termed rc-cn^r>^ The 

amount of this re-entry may be so considerable as to make the 
fan very inefficient. 

One of the most effic lent centrifugal fans ever constructed is the 
old-fashioned ^innowing-machine. In this the revolving paddles 
are enclosed ail round, with the exception of three openings, one 
on each sitie at the centre for the atlmission of air, and tme on the 
circumference for the esca[>e of air ; re-entr)* is thus prevented. 

Guibal Pan. — The Ouibal fan is an adaptation of the old 
winnowing-mach.ne, for the ventilation of mines. Figs. 312 and 
313 show the design. As usually ionslrm ted, it varies in 
diameter from 30 to 50 feet, and in width from 10 to 14 feci. 
Tiie air enters on the side opposite to the engine, and is delivered 



Fta. 3x1,— Centrifugai f.vn. 


* XhcMT Imn arc tangctit» to the circle : for a 5»lrajt;ht line which passes the 
circumference nf a circle, touching without cutting the circle, is a tangent. In 
the figure an eiiernal casing tn a Schiele fiin >s drawn, hut for the illustra- 
tion of this paragraph (he reader must take no notice of this caaing. 
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into a vertical uptake. I'he orifice next the fan is contracted, 
40 square feet being a suitable opf ning for a fan 30 feet diameter 
and 10 feet wide, running at speeds of from 50 to 65 revolutions, 
the quantity of air passing 
being from 84,000 to 1 1 1,000 
cubic feet per minute.^ 

The size of the orifice • 
should be, in some degree, 
proportional to the quantity 
of air passing. The ujitake 
is gradually enlarged to the 
top, making what is techni- 
cally called an hmk delivery. 

The effect of this is that the 
speed of the current slackens 
as It apiiroaches the top of 
the chimney, and some of 
the energy in the air is thus 
available for diminishing the 
atmospheric pressure on the 
fan, and consecpicntly on the 
upcast top. 

1 hese fans have been very 
1 irgely adopted. There is a 
good deal of \ibration m them, sometimes leading to serious 
breakages ; this vibiation is much diminished by using the altered 
shutter, giving a larger and more gradual discharge (see Fig. 312). 



' This is taken from a piper read b> Mr. Koherl IP^we at the Chesterfield 
and Midland Counties Insiiiution. Mr. Honsc made a most careful and 
valuable series of cx})crimcuis. 



I i< — ( mbal fan front Mtu of shutter 
Dotted shading shows anti Mbraiuig shutter 
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This figure shows a V shaped opening in the shutter indicated by 
dotted lines. Owing to ihcir great weight, it is sometimes diffi. 
cult to keep the l>canngs tool The cfficiencjr of some of them 
IS given in Table X (jx 

Leeds Fan ,— 1 he Lteds fan (see figs 313, 314, 315) js a 

modification ol the 
(]iiibal, having mo 
central onfices for 
the admission of air, 
and the width of the 
fan being rather less, 
a ventilator 40 feet 
in diameter being 
only 10 feet in 
width. These fans 
gi\e satisfaction, and 
are subjee t to the 
same remarks as the 
Guibal as to vibra- 
tion and weight. 

Waddle Pan — 
Thi', fan (see tig. 
f if ff 316 and 3i6n) is 

Flo 314 —Leeds fan tr^nssersc section C lllcd ail Open run- 

ning fan It will be 

seen, on reference to the figures, that the fan is made of two 
circular iron plates or discs, one of which is flat and the other 
convex on the outside. The diameter of these machines vanes 

from 20 to 50 feet 
In the cast of a 
30 feet machines the 
two jdates are 3 feet 
2 inches a|)art at the 
centre, and i foot 4 
inches aj)arc at the 
|)en|>hcry, and arc 
unittd by iron \ancs 
or paddles 

'Iherc IS one 
• «»/»>**# fur centr il orific c 1 2 feet 

Fic 3x5 — I-ecdi fan ground plan. diamclcr, through 

which the mine air 

enters , as the fan revolves the air is expelled at the penphery, 
receiving a fresh supply from the centre. The central onfice 
has round it a wooden nm, which works close against the fixed 
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rim in the wall, so that very little air can enter at the joint 
This joint is also sometimes closed by a leather flap nailed to the 
stationary rim which partially closes the joint If properly made, 




SCALE 

P P fOrZtf 


Fk.s. 3x6, 3i6<* — Wuddle fan. 

very little leakage can take place. The fan is so shaped that t}>e 
sj)ced of the air passing through it is the same all the way along, 
and the width of the circumferential orifice is so narrow that the 
re*entr)’ is not excessive. These fans are largely used, and give 
satisfaction. 

Rammell Part — This fan (see Figs. 317 and 317^) is similar 
to the waddle, and has two central orifices for the admission of 



Fig j-7a —Rammell fan. fixed adjutage ; 
Fi« 317 — Rammell fan. /. resolving fan. 

air, and the fan-shafe, being longer on this account, requires three 
l>earings. The circumferential orifice is narrowed near the 
extremity to half the width, with the intention of reducing the 
chances of re-entry. Only a few of these fans have been erected ; 
they give satisfaction.* 

* The fan is aUo made w about the adjutage 
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Qwynne Pan. — The G^iynne fan (see Fig. 318) is similar 
to a Rammell put inside a casing like a Guibal. This fan is 14 

feet in diameter, and 
hastwo central orifices 
5 feet wide ; peri- 
phery, I o inches wide ; 
width at centre, 2 
feet 4 inches ; engine 
cylinder, 16 inches 
diameter; stroke, i6 
inches; 150 revolu- 
tions per minute. 
This fan gives 
faction. 



Fig 318. — Gwynnc fan, 14 fc€t diameter. 



Fig. 319 — Bowlker and W3tsrin’> fan : c!c\.ition 
and {'art section. 
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Fif.. 3*0- — The Schiele veniilaior. 



— Ditto' veriicaf 
irans^cpkc section. 

Bowlker and 
Watson Pan (see 
Fig. 319 and 319/1).— 
Thi.s is like a small 
(iuihal, 8 feet 6 inches 
in diameter, about 3 
feet wide, two central 
inlets each 4 feet 8 
inches diameter, three 
hasU deliveries. It 
seems to give good 
results. 

Schiele. —.Schiele's 
fan is a fan of small 
diameter, driven at a 
proportionately greater 
number of revolutions 
by means of a belt 
from the fly-wheel of 
the steam-engine (sec 


Fig. 320). It is made in diameters varying from 5 feet up to 
15 feet It is in principle the same as the Guibal fan, with two 
Mfitral orifices for the admission of air ; but the vanes are tapered 
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towards the periphery, and the casing is eccentric, so that its 
hasie character is circular in form. A 1 2-feet Schiele had a 
width at the periphery of 2 feet i inch. A number of these fans 
are in use, and give satisfaction. 

Capell. — Capell fan (see Fig. 321). This fan is very similar 
to the Guibal, is sometimes made with one central orifice, and 
sometimes with two like a I^eds fan. It is of small diameter, 



varying from 5 to 15 feet The vanes are wide, being 8 feet wide in 
a lo-feet fan. It is driven by a belt from the fly-w'heel of the engine, 
or by cotton ropes, say six m number, running in grooved wheels. 
'The speed of periphery is the same as in large fans, but the num- 
ber of revolutions is of course greater. Mr. Capell attaches great 
importance to the shape of his v.mes, but it may be a matter of con- 
troversy as to how far the peculiarities of shape affect the results. 
A number of these fans are now at work, and give satisfaction. 

Medium Fan (see Fig. 322). — This fan was designed and 
erected by the writer of this treatise, and is named Medium 


hc( ause it is neither 
very large nor very 
small. It IS similar to 
a W'addle fan revolv- 
ing m a (iuibal casing. 
It IS 70 feet in dia- 
meter ; the discs P. P 
are 2 feet 6 inches dis- 
Uni at the centre, and 
9 inches distant at 



Fu.. 32s —The Medium fan v patent *) : reriicil 
sections 


the periphery. The 

upper half of the casing in which the fan revolves is divided by 
a vertical partition DD on each side of the fan, so that ^e air 
m contact with the outside of the fan cannot revolve with it, but 


is deflected into the uptake. The air enters by the passage M 
through the orifice in one disc AA. The engine is attached to 
the crank K. All the dimensions arc modified as required to 


* Thii wa>» patented by Arnold Lupson. 
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suit each mine. The speciality of this fan consists in the careful 
proportionment of the casing, the proportions of the fan itself, 
and in the deflecting partition. The fan gives satisfaction. 

There are many other ventilators, such as Lemielle’s, Fabry’s, 
Gunter’s, Gofhnt’s, etc. 

Principles of Fan-construction. — The centrifugal ventila- 
tor is the best, because if carefully made very little power need 
be wasted. There are no valves, so that if strongly made it may 
last for generations, and any desired ventilating pressure can be 
obtained by its use. 

The ventilating pressure produced by a fan varies as the 
square of the velocity of the fan-tips — that is to say, if the speed 
of the fan is doubled, the ventilating pressure will be quadrupled ; 
if the speed of the van is trebled, the ventilating pressure will be 
nine times ; if the speed of the fan is quadrupled, the ventilating 
pressure will be sixteen times; so that to obtain any desired 
increase of ventilating pressure a comparatively small increase of 
speed only is required. The pressure that may be expected from 
a ventilating fan can be ascertained from the following rule : — 

Let H = ventilating pressure in height of air-column. 

V = speed of fan-tips (that is, peripher)’) in feet per second. 

Then H = 4- 64 

Take an instance. Let V = 80 feet. 

Then H = 80* 4- 64 = 100 

100 cubic feet of air at a temperature of 65^ weigh 7*58 lbs., 
and that is the ventilating pressure produced per square foot. 
This divided by 5*2 gives 1*46 inch W.G. 

If the speed of the fan is 160, then, applying the rule — 

160* 

H = V* 4- 64, or ^ = 400 

64 

If the temperature of the air passing through the fan is 65*^, 
then the ventilating pressure will be 30*32 lbs. per square foot, 
and this divided by 5 2, the weight of i inc h of w’ater over i 
square foot, gives 5*83 inches W.G. 

In some fans, as, for instance, the Waddle and Rammcll, the 
water-gauge is less than that due to this rule — say only of the 
theoretical water-gauge. 

In the Schiele the water-gauge is often still less, say o*66. In 
others, as in the Guiba), Leeds, Gwynne, and Medium, the water- 
gauge is more than the theoretical water-gauge, licing equivalent to 

and up to \ g. But this is not always the case with these fans. 
The water-gauge falls when there is more than a moderate supply 
of air ; the fall in the water gauge is probably due to frictional 
resistance to the passage of a large current through ihc fan. 
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It must not, however, be supposed that the efficiency of the 
fan necessarily corresponds to the water-gauge obtained at any 
given speed. Thus a fan that gives a low water-gauge may be 
very efficient, whilst tlie fan giving a high water-gauge may be 
comparatively inefficient. 

The power of the engine driving a fan is absorbed, first, in 
giving velocity to the air inside ‘the fan ; secondly, in overcoming 
the friction of the piston, crank-pin, valves and journals of crank- 
shaft, and, in the case of a fan on the second motion, the friction 
of the journals of the fan, and in bending the belt : also, in the 
case of a Guibal fan, there is friction of the air against the sides of 
the casing ; in the Waddle fan there is friction of the air outside 
the revolving plates, and there is also some re-entry. 

The results actually obtained as recorded by various observers 
arc given in Table X. 


Taiu.e X. — F\n Expi riments. 


N imc of fan 

Diniciisjuns 

Kevolu- 

lions 

per 

irinute 

Cubic 
feet of air 
per 

minute 

WG. 
at (an 
in 

inches 

! 

L seful 
effect 
per cent. 

Guiba) 

I>um Wilt. 1 

30 ft. X 10 ft. 1 

j 

6o*o 

104,299 

2*95 

65-24 

,, 

50ft, X 12 ft 1 

40 98 

108,422 

3*3 

40*0 

Kammel 

32 ft- 

62*0 

80,500 

2-45 

47*43 

Waddle 

30 ft. ! 

(X )*0 

89,160 

1*7 

58*22 

Sthiclc 

45 ft. 

’ 52-08 

i 63 . 3'2 

3*o8 

52*79 

12 ft X 2 ft I in. 

0 

157.176 

I *01 

46*12 

( J\v)nne 

14 ft. 

j lOI 0 

17.150 

17 

57*37 

Siruvc 

- 

— 

— 

— 

40*0 


u pinkton* ''tri'ke 

18 ft. 3111. X 7 it 

; -.tr kev 

53 

43.793 

5 *** 

57-8 

Lcmif ’Ic 

— 

— 

29,000 

I 65 

63-4 

1 1 

Ch.imljci Height 

22 ft. 6 in. 32 ft 

0*9 1 

47.307 

**37 

23-4 

(’()oke 

a drum*. Casing 

15 ft. 22 ft. 

17-92 

54 . *90 

I * 12 

37-33 


2 b 0 

101,308 

I * 12 

04-0 

Root ... 

1 drum*. t ’e 

25(1 X 13 ft, 

lS‘0 

101,696 

5*0 

64-19 

,, .., 

Howlkcr anil 
Watson 

25 ft. X 13 ft. 

16 71 

89.772 

3*29 

47-84 

8 ft. 6 in. X 3 ft. 

150*0 

19,860 

1*27 

57-6 

Capcll 

10 ft. X S ft. 

216 0 

92,400 

2*6 

6i *0 


i 12ft. 6111. X 5ft. Sin 

212*5 

122,012 

60,084 


72*0 

>• 

1 12 ft. 6 in. X 5 ft. Sill 

110*0 

I *0 

59*5 

Medium 

20 ft. 

5**5 

: 52,676 

0*8 

75*4 

»« 

20 ft. 

tK)’0 

j SL 392 

0 *Q 5 

65*5 


! 40 ft X 10 ft. 

) 

50-0 ! 

254,500 

2*6 

600 


Q 
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Upon these results it may be observed that accuracy is got 
only with difficulty. To obtain it the following rules must be 
observed : — 

The fan cylinder should be indicated at both ends simul- 
taneously, and the indications should be continuous for, say, half 
an hour or more, because a slight fluctuation in velocity might 
lead to a considerable alteration .in the diagram; secondly, the 
velocity should be taken with great accuracy by means a siojv 
watch ; thirdly, care must be takrn that tlie water-gauge is pro- 
tected from currents, and is so taken as to represent the pressure 
in the fan-drift, and not just part of the ontke of the fan. 

The tunnel where the air is measured should be divided as 
nearly as possible into equal squares by means of strings or wires. 
The squares may var)^ from i square fool to 4 square feet in area ; 
the smaller they are the more at curate the results obtained. 

The anemometer should be held in cat h square for an equal 
period, say 10 second> Alter it has been held in Cvich square, 
the distance recorded on the anemometer dial is the lineal 
measurement of the air ihit has passed the anemometer, and 
this divided by the lime in minutes gives the average speed per 
minute. 

This obsen*ation should be rcjxratcil several times, the engine 
being indicated, the number of revolutions counted, and the water 
gau^e observed, at the same tunc. 

At least five observers are necessary if the measurements arc if) 
be taken with projw rare. 

The anemometer must becau'fully tested at similar speeds to 
those of the air<urrents. 

The percentage of power ab^ori >cd by the friction of the 
bearings depends a good deal upon the eight of the machine, 
and the weight of the inar.une iiu readies as the cube of the 
diameter. 

If the diameter of one fan Ls 2, an<I that of another fan of the 
same kind is 4, then the weight will be as 2* : 4*, or as 8 : 64. 
Therefore a 40 feet fan wul! be eight times as heav\ as a ao-fect fan. 
If the diameter of the fin is doubie<i. the diameter of the shaft to 
which the fan is fastened will have to be more than doubled ; if 
the .same s|>ccd of periphery* is maintained in each rase, the speed 
at whkh the shaft revolves in the journal will l>e greater m the 
case of the large fan than in the case of the smili fsnr 'rhcrcforc, 
in the case of the large fan there will be not only eiebt times the 
weight, but this weight will l>c moving at a greater speed than in 
the case of the small Can, so that the shaft friction will l)c more 
than eight times as great if each journal is quite twL 

It K however, often difficult to keep the journals of large fans 
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cool, and it is not improbable that the Mctbn of a 40-feet fan 
will be ten times that of a ao-feet ian for equal speeds of periphery, 
and as the work done depends on the speed of periphery, there 
will be ten times as much power wasted in the friction of the 
journals of the large fan. The good results obtained with small 
fans are thus easily accounted for. 

It may be possible, however, to make fans too small, because 
when a large quantity of air has to be passed through it, the friction 
becomes excessive unless there is a good air-space. The small 
efhciency of some small fans is doubtless because a large part of 
the power is absorbed in the friction of the air passing through 
the fan itself ; it would l)e mostly saved were the dimensions made 
a little larger. 

Economy of Fans. — 'I'hc amount of fuel required for one 
horse power of steam varies from lb. up to say 30 Ibs. 
of coal per horse power per hour. The former figure is the 
best, practically, of the present day; the latter figure, absurdly 
wasteful as it is, is perhaps more common than some would 
suspect. 

I'lie usual consumption by common land engines, working 
continuously day and night, is from 5 lbs. up to 10 lbs. of fuel 
per horse-power per hour ; but it is always possible, at a 
reasonable cxp>cnse, to erect an engine suitable for driving a fan 
which would not consume more collieiy slack than 4 lbs, f>er 
horse-|)ower per hour 

Owing to tlic expense of maintaining the engines and boilers, 
4 lbs. of fuel used in driving a fan will cost as much as 8 lbs. 
.simply thrown on to a ventilating furnace. Therefore, if the fan 
gave only 50 per cent, of useiul efiect, and the engine consumed 
4 lbs. of coal per horse- |>ower [K:r hour, 8 lbs. of coal would be 
retjuired per horse- power in the air, and this would be equivalent 
in ' alue to 16 lbs, nf fuel in a ventilating furnace, which is the 
amount required jkt horse-power by a ventilating furnace at a 
depth of 1500 feet; so that at that depth and at greater depths 
llie furnace would be more economical, svhile at less depths the 
fan would be more economical. If, however, the fan had an 
efticicncy of 75 per cent., then 4 lbs. of fuel per horse power 
engine would equal a consumption of 5-33 lbs. per horse-power 
in the air cost of io*66 lbs. burnt m a furnace, which is about 
the amount of fuel required for a furnace at a depth of 3400 feet 
There is no reason why a fan should not give an efficiency of 
75 per cent., or why an engine should not, using ordinary colliery 
slack, be driven with only 3 lbs, of fuel ; and in this latter case 
the fan would be as economical as the furnace at a depth of 
3000 feet. 
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In the fiery districts of the Midland Counties^ Glamorganshire, 
and North and South Wales, the fan would always be preferred at 
a new colliery, irrespective of its economy. 

Theory of Ventilation. — The following general rules, which 
are in accordance with the writings of the late J. J. Atkinson, 
if not exactly accurate, are sufficiently accurate for ordinary 
approximate calculations, and represent what may be called the 
orthodox theory : — 

Rule I. — For the practical purposes of a miner, the friction of 
one particle of air against another need not be regarded. The 
resistance to an air-current arises from its contact with solid 
substances. 

Rule II. — The resistance to an air-current, which is sometimes 
called friction ” and sometimes “ drag,” is pro[>ortional to the 
extent of solid substance with which it comes in contact. 

Rule III. — The pressure reejuired to impart velocity to an air- 
current varies as the square of the velocity given. 

Rule I\\ — The resistance to an air-current in the fiassages of 
a mine varies as the square of the velocity. 

Rule V. — The resistance to an air-current in a passage varies 
inversely as the sectional area. 

Rule VI. — The power required to overcome the resistance to 
an air-current in the passages of a given mine varies as the cube 
of the velocity. 

In the following rules K represents the coefficient of friction , 
that is to say, the resistance of each square foot of air-pa'*sage at 
a given velocity, say i foot a minute. 

Rule VII. — I he resistance measured in pounds j)cr cubic foot 
of air-current = the coefficient of friction x the total extent of 
rubbing surface X the velocity squared, and divided by the 
SkTtional area of the air-road. 

Let R = coefficient of friction. 

:\ -= sectional area of air-road in square feel. 

V' ~ velocity of air-current m feet per minute. 

L ~ length of air-road. 

C - fxrnmetcr; that is, circumference if round, or four 
sides if s^juarc. 

R ™ rubbing surface or superficial area of the air-passagcs 
in sejuarc feet ~ L x C. 

P - ventilating pressure in pounds per square foot 


Then P = 


KRV’ 

A 


Let r.P. ^ loot-pounds of work dune. 
H.P. = borsc-i>owcr. 
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Rule VIII.— F.P. = KRV* 

H.P. . iiM* 

For the purpose of comparing the friction of airways of 
different diameter, it is useful to bear in mind that the ventilating 
pressure varies inversely as the fifth power of the diameter; or, 
if D = the diameter, then — 

Rule IX. — P varies as — 

I'he following rule shows how the coefficient of friction may 
be obtained : — 

Rule X.— K - 

R X 

P>ut for practically ascertaining the coefficient of friction of a 
mine in which the air-road has a varjing section, it is necessary 
to calculate the dimensions of a hypothetical air-road, which shall 
have a resistance equal to those of the air-roads existing in the 
mine. 

Let L' = the length of the hypothetical air-road. 

A' = the area of the hypothetical air-road. 

C = the periphery of the hypothetical air-road, the 
dimensions of which may be fixed at will. 

R = the rubbing surface in the actual road, 

A - the sectional area of the actual road. 


Rule Xf.— 

i; . ^ 

R 


C' X 

A’ 

Rule XII. - 


X A 
KR 


\ great variety of rules may l>c constructed out of the fore- 
going by any one wlio has mastered their f)rinciples. 

Explanation and Illustration of Rulea— With regard to 
Rule 1., it is sufficient to observe how freely the air moves when 
there are no solid obstructions — the wind blowing briskly on the 
top of a hill when in the valley below it is quite calm, or when 
there is a strong wind blowing over a plain, it is checked by 
] Kissing through a grove of trees. in the case of a mine 
entered liy a lcv»d from the lullsule, the return air-course ako 
being on the same level, and tliere being no vertical or incline 
shafts to cause a difference in pressure ; in such a case, whilst a 
strong wind may blow against the of>cning of the mine, there will 
l>c very little wind in the interior, showing that the air-current is 
stopped by having to pass tiirough a narrow {>assage. 
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Rule II. follows naturally from No. J. If it is contact with 
solid substances that impedes the current of air, then the more 
such contact there is the greater the impediment. 

The practical value of this rule may be illustrated by referring 
to Fig, 323. Here is a circle and a scpiare; each has the same 

r aroa, but the square has the greater length of 
^ periphery — that is .to say, the four sides of the 

\ square are longer than the ciieumference of 

) the circle; therefore the air passing along the 
V y square road will be in contact with more sur- 

1 exj)crience a ])roporiionately 

Fir« ^3; Cirjc greater resistance. Or» referring to Fig. 324. 
and^u^rc tlicrc IS shown one road 10 feet square, tlie 
sectional area of \\hich is 100 feet, ami the penpher)' 40 feet, 
i'here are also four smaller roids each 5 feet square, the se< tional 
area of each of these roads 25 feet, and the penpitcry 20 feet ; the 



f 1C 334 —Stuart iJAd a»u! f>ur %mal} ri>adv 


total area of the four r ^ads is 100 feel, the total |»cripher) 80 feet, 
which IS lw:ce the periphery of the single 10 feci riud. 'I’hcre- 
fore the resistance to the air currenl m passing through these 
four small roaih will lx twice the resistant c loan e»jual current 
paiismg through the on* large road. . 

Or, instead ul four ''mall loads, take the < a c (I ig. 325) of one 
road very wide and very l>*v, s,u 37 4 feci uidc, .ind 2 67 feet 
.t; / * high, With a sctiion.il area 


zj of 100 square feet. In 

7u . T the jxnpherv is 

r sc 3,5. — tw&i 4 « ^ ujctjjnc f^! . 

0014 fed, as coiiqured 
w.tli the 40 feet {xfiplicry of the 10 ftet roa<l, and the resistance 
Is projionionatcly gf'^atcr, the roads in ea< h ^asc Ixing the f»,vmc 
length. Or, to take ariotlur illustration, scp|>ose one air-road to 
l>c io-jo feet long, and another air-road oi precisely the s,amc 
section to be 2coo feet long ; there will U* iwuc as muOi rcMst 
ance m the long road as in the short one. 

Rule III.— The demonstration of this rule, at first sight diffi 
cull to undcmtancl, is really cxccetiingly smqdc. In order to 
aacertau) w hat amount of prmcr is necessary to impart any vchxritv, 
it is desirable to make use of some uniform forte. Tb s force is 
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generally ready to hand in the shape of gravity, or the attraction 
of the earth. 

Every body attracts every other body in proportion to its 
mass. In proportion to the earth, all the small bodies on its sur- 
face are insignificant, and therefore everything, that is free to 
move, moves towards the centre of the earth. The atmosphere 
rests upon the surface of the earth, every building does the same. 
A stone dropped from the top of a building immedbtely seeks the 
centre of the earth, or, in other words, falls down. The nearer a 
body is to the centre of the earth, the greater the force with which 
it is attracted ; but within small limits, such as a depth of a mile, the 
diflference in the amount of attraction is insignificant, and for present 
purpo.ses may be entirely disregarded. T'herefore a lx)dy falling 
from the top of a high tower, or down a deep pit, is subjected to 
a uniform force — that is, the uniform attraction of the earth, which 
is always acting upon it, and from which it cannot escape. In a 
somewhat similar manner, the piston of a steam engine is influenced 
by a somewliai uniform force in the shape of the steam-pressure, 
and so long as the supply of steam is adequate and the area of 
the valves and ports is sulficient, the piston is subjected to a 
uniform force, no matter how fast the engine goes in trying to 
escape from this force. Ihit with the best regulated steam-engines 
it is impossible to maintain a really uniform force ufX)n the piston 
at varying speeds, and therefore, for the j)iirpose of scientific 
cxj>crimcnt, gravity is much more convenient 

It has !)een found bv numerous experiments that if a body in 
a stale of rest is allowed to fall during the lime of i second, that 
it will tall a distance of 16 feet, if there is no material 10 obstruct 
It. l! it were to fall in water it would not fall nearl) so fist, and 
if it were to fall in .air it would not fall <|uitc so fast. 

T o ascertain the effect of gravity ujxm a falling Ixxly, it must 
fall in .a vacuum — th.it is to say, in a cl*aml>er from which the air 
has been evliausied, T'he resistance of the air is a matter of 
i'ommon observation. A light body exposing a great deal ot 
surface, like .a feather, will flo.at in the a.r, whilst a Ivody of equ.al 
weight c\j>osing very little suif.ice, like a leaden pellet, will fall 
ver)' (piickly lliroueh the air ; but m a vacuum a feather and a 
lump of lead will fall together equally fast. 

It has als(' been ascertune*!, if a Ixxly falk during a spee 
of a seconds, that it will fall a dist.tnce of 64 feet ; and if it falls 
during a space of 3 seconds, that u will fail a distance of 144 feet ; 
and if it falls daring 4 seconds, that it will fall a distance of 256 
feet That is to say, the disian<e fallen is proj>ortional to the 
square of the time during which the body falls. 
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Tiuic in 

Time squared. 

1 Oistancc fallen 

'I'otal distance 

VelucU 

s.ct,ond>. 

1 in first second 

fallen. 

AliaiiM:(. 

I 

1 

16 

16 

.32 

2 

4 i 

16 

64 

64 

3 

9 > 

16 

144 

96 

4 

16 

16 • 

25 <> 

128 


From Ihc above table it will be seen that the total distance 
fallen in any given time is equal to the square of the time in 
seconds multiplied by the distance fallen in the first second. The 
fifth column gives the velocity acquired in any given nuinl>er of 
seconds, which the student can easily calculate for himself from 
the fourth column. Thus if a body starting from a state of rest 
falls i6 feet in one second, it is evident that i6 feet a second is 
the average speed of that second. But the speed at the beginning 
of the second was nothing ; i6 is the average of nothing and 32, 
therefore 32 is the maximum s|)eed, or the sjKcd attained at the 
end of the first second. Again, at the end of the second second 
the total distance fallen is 64 feet ; deducting from this the distance 
fallen at the end of the first second, 16 feet, the distance fallen 
during the second second is 48 feet, which is the average sjK*cd 
during the second second. But the sj)ccd at the l>cginning of 
this second was 32, and 48 is the average between 32 and 64, 
therefore the spce<l at the end of the .second secon.l must have 
been 64 feet Again, the total distance fallen at the end of the 
third second is 144 ; 144 - 64 (the distance fallen at cn 1 of second 
second; = 80, which is the average speed, whi<h is the mean 
between 64, the .s[)Ced at the iK^ginning of the .second, and 96, the 
s[x.‘ed at the end of the se<oncL 'i hc total distance filicn at the 
end of the fourth second is 256, and 256 — 144 112, which is 

the average speed and the mean Wlwcen t)(> ami 128, which latter 
figure is therefore the sjietd attained at the en<l of the fourth se<'oiul. 

It thus aj#|K‘ars that the s|x*cd attained is in direc t pr(qH)rti<»n 
to the time, 32 feet being the sj>eed attained at the end uf the first 
second, anci the number of see unds multiplied by 32 is the speed 
attained at the end of any given lime. 

It would l>c natural to inquire where a va< uurn 256 feet in 
height could be found for the purjK>sc of skic h an experiment. 
But the above bws can be demonstrated without the use of any 
such exf>ensivc apparatus as would be rc(|uircd to provide an 
exhausted hollow column 256 feet high. 

Fig. 326 * shows an inciine down which a roller can run. This 

* Lkstgnrd l>)' rrofcsMir Stroud, Vcukdtiic Colkgv. 



VENTILATION : DOORS, OVERCASTS, ETC. 233 

roller consists of a solid metal wheel about 4I inches in diameter 
and inch thick, through the centre of which is a spindle alwut 

inch in diameter. T he spindle is laid upon two thin iron rails 
on the incline, the 
wheel l>eing free to 
revolve between the 
rails. When placed on 
the incline it natu- 
rally begins to roll 
down, and the friction 
of the spindle against 

the rails when placed 3^i.-lnchijcd pUoc for gravity demoDs^tration. 

at a gentle slo[>c is 

such that it will not slide dowm, therefore it cannot go down 
the hill without causing the wheel to revolve. The w'heel, being 
|)erfcctly smooth, meets with very little resistance from the air 
as it revolves, and therefore nearly the whole effect of gravity 
is 8j)cnt in causing the wheel to revolve. Had this wheel been 
simply dropi^cd, tlic effect of gravity would have been expended 
in causing it to fall, and much more room would be required for 
such an experiment, whilst it would be much more difficult to 
observe. If, now, the wheel is allowed to roll down the incline 
at an inclination of .say 24 , and a m.ark is made say at i foot 
down the incline, and another at 4 feet down the incline, it will 
1)C observed tlial ll^c first fool is traversed in say 14 J seconds, 
and the whole 4 icet is traversed in say 29^ seconds. That is 
to say, that 4 feet is traversed in twice the lime of x foot, which 
agrees with the rule previously given. 

A< t epting. therefore, this demonstration of the rule above given, 
wc have an exact mc.isurcmciu of the power required to impart 
velot ity. A \elocity of 32 feet a second can be given to any 
IxKly by raising it to the top of a tower 16 feet high, in falling 
from vNhich it will a( <juire a velocity v»f 32 feet ; c>r a velocity ot 
I 28 feel a .second can Ik: given to anv body by raising it to the top 
of a tower 256 feel high, in falling from which (in a vacuum) it 
will acquire a velocity of 12S fccL C^r, again, it we consider the 
case of llic incline and have to roll the wheel up the hill, the 
gr.idicnl l>cing uniform, it is evident that it will take tour limes 
as much j)Owcr lu move it the 4 feet as to move it 1 fool up the 
hill, and in rolling di w n the 4 feet it acquires twice the velocity that 
it docs in rolling dow^n llic x tv>ol. So that four times as much 
I>ower lias to Ik: cxj>cnded to gi\c a velocity of twricc. That is to 
say, the power required to imi>art velocity varies as the square of 
the veliH ily given. 

Thu rule applies lu every substance of which wc have any 
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knowledge, not merely to solids, but to liquids and gases. But 
in the case of blowing air through a mine, the velocity is not given 
by allowing the air to fall in a vacuum, but by the application of 
a steady pressure, and it may be useful to consider how far this 
is comparable to the effect of falling. If a cubic foot of air were 
to fall (in vacuo) i6 feet, it would acquire a velocity of 32, and 
the work done in giving that velocity would be equal to work done 
in lifting that cubic foot of air to the height of a column 16 feel. 
But it is evident to every mechanician that an equal amount 
of work would be done in lifting 16 cubic feet of air to a height 
of only I foot. If, therefore, we suppose a column of air 16 feet 
high, with a tap at the bottom of the column issuing mio a 
vacuum ; then the air would rush out with a velocity of 32, 
because, by the time the whole column had been lowered i foot 
as much work would have been used up as if i cubic foot had 
fallen 16 feet. And, again, if we let i cubic foot of air fall (tn 
lactio) 256 feet, it would have ac(|uircd a velocity of 12S feet, 
and the work done in giving that velocity would be ctjual to that 
in lifting i cubic foot 256 feet high ; and, in the same way as in 
the previous instance, it is evident that an equal amount of work 
would be done in lifting 256 cubic feet i foot high. If, therefore, 
we imagine a column 256 feet high, with a tap at the bottom, the 
air would i*>sue into a vacuum at a sj>ecd of 128 feet, because 
when the whole column had l>ecn lowered 1 foot as much work 
would have been used u{> as if i foot had been allowed to fall the 
whole 256 feet. And thus wc sec that the .imounl of work required 
to maintain a pressure equal to a given height of column during 
the time re j iircd to force a cubic fool of air from under that j)rc.S’ 
sure, u equd to the wotk re piircd to lift that cubic fool to the 
height of a column rcproenling the prcs'»ure. 

If, in the forcgo.ng ilkHtraiion, the student find^ di'fu uhy in 
imagining that any work has to be done in lifting air, wimh by 
his tlaiiy cx[jcriencc noat>, let him suhsiilute waltr for air m the 
< oluma, and the anal >gy will hold good. It is thus evident that 
the prcs>ure required to impart vc*o«Uy var.i s as the st|uarc of 
the velocity giveti. 

This can l>e easily proved by ct[Krrimcnt, Take a glass jar 
o|Hrn at the top, with an onhcc near the bottom. Ixi this onhcc l>c 
connected by a flexible iul>c i inch bore with a gixss tube about 
1 foot long and i-inch bore laid hori^ontallv ; put two marks, one 
6 inches a!x)vc the other, on to the jar ; fill the jar with water up 
to the upficr mark, then hold the jar so that the water level is 
1 fool above the t*inrh [>ipc, and note the time rc<iuircd for the 
water to run out to the lower mark. Then rej>cal the cxjicrimcnt, 
holding the jar so that the water devel is 4 feet above the |H|>c. 
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The lime required will be twice the time of the first experiment, 
showing that with four times the pressure the velocity is doubled. 

Rule IV, — In considering this rule we leave the category of 
well-ascertained scientific facts, and enter upon an inquiry where 
the experience yet ascertained hardly justifies any unqualified 
statement. As before stated. Rule IV. is in accordance with the 
orthodox theory, and there is a ^reat deal of reason and experience 
to show that it is approximate to the truth in many mines. 

'The friction, so called, of air in mines is by no means akin to 
ordinary mc( hanical friction. When a sledge is drawn across the 
ice, the horse or dog that drags it must apply a certain amount of 
force to overcome the friction, but that force will l>e the same no 
matter what the Sj>eed. In a similar manner, when a train is 
drawn along a level railway, the locomotive must exert a certain 
force to overcome the friction, but that force j>er mile of road is 
j)ra( tic ally the same wliether the speed is five miles or fifty miles 
]KT hour. In the same way with the fly-wheel of an engine, a 
< ertain amount of force is recjuired j)cr revolution to overcome 
the friction of the journals, but the friction [)er revolution will be 
the 5 umc whether the s|H*ed is ten ora hundred revolutions |>er 
minute as long as the journal is e<j[ually cool and well lubricated 
at both s|>ceds. Therefore, to slate that the friction of air tlirough 
a pass^ige increases as the square of the velocity, or increases at 
all as the velocity increases, is to show that a vcr>* diflerent class 
of phenomena are under consideration. For this reason mining 
engineers often prefer the %\otd “ resistance ” or “drag"’ to 
‘Tnitioii’' m dealing with air-currcnts. 

by wa) of illustrating the rcasonahlene*'S of Rule IV., the air- 
current might be hkeneci io a waggon of lo.dx >u[)po^e velocity 
to be gi\cn to this waggon of say 32 Icct |K*r second, hut just 
when this speed is acepnred the road sud k-nlv turned at ngiit 
angles; ihc waggon would iim against the wah, and would tome 
to a staiuKlilh If, therefore, il had to continue on the way, the 
same j)0\vcr previousl) ex|>c‘nded in guing it \elt>city would have 
now' to be expended again, and vo on at e\cry right-angle bend 
m the road. If these IkiuK were numerous in jircqKniion to the 
length of the road, llic |K>wcr ahsorbcvl m rcimpartmg velocity to 
this waggon after each slopjKigc would he so great that liic jK)W'er 
evj>ciulctl in friction ol the axle wnceU would be so slight m com- 
parison that it might i>f cntirch neglcctcvi iro n the calculation, 
and it might be considered tiiai the entire work done in moving 
lliat waggon along this road w*as the iKiwer expended in imparting 
and rcim|)aning velocity, and wc know lint tint would pro- 
portional to the «<(uarc of the velocity given. So that if, instead 
of a velocity of 3a Icct \kx second, a velocity of only 16 feet |<r 
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second were given, whilst the second velocity is half that of the 
first the energy required would only be J, or if a velocity of only 
4 feet \)€T second were given, which is J of the first velocity, the 
energy required would l>e 

When air travels through a mine it is continually passing 
round rapid turns, sometimes at right-angle bends, sometimes 
at a less or greater angle, Freqitfenily the centre of the roadway 
is obstructed, and the air has to squeeze round the obstructions. 
More often the centre of the roadway is clear, but projections 
from the sides cause continual interruptions. Thus if the road is 
timbered, the air rushing along the sides and roof of the mine 
must be continually striking against the posts and bars. If it 
strikes at say an angle of 45^ it will glance off, but if it strikes 
directly it will bounce Ixk k, an<l its forward velocity will have 
to be reimparted by the absoq>tion of power from the rest of 
the current This impediment to the air-current is continual, and 
constitutes undoubtedly the greater part of the rcsisunce that the 
air meets with in the mine. 

It is only reasonable to conclude that if the resistance is due 
to these obstructions, it will be proportional to the numl>er of 
these obstructions. Thus if in an otherwise smooth road there is 
one prop or bar for every yarii, the resistance will lx.' much greater 
than if there were only one prop in every* hundred yards. Also 
if the roof and sides are uneven, fonning a constant succesMon of 
cavities and projections, the air will be impeded just as if there 
were props and bars. If, on the other hand, the road is g^Kx! and 
smooth, or is lined with smooth brickwork, the resistance will be 
much less. 

A similar cin um'‘Un( e may l)e observ'cd in water channels, 
rhe water will flow along a smooth tulxr or over a well laid invert 
with mu( h greater velocity than along .an irregular and stonychanncl. 

.Some interesting exjHrrimcnls have lK.‘cn made by Mr. KUen.* 
He gucs the resistance of air-courses of different descriptions, as 
sfiown in labie XI , p. ^39. 

Mr. KUen is also of opinion that the resistant c to an air* 
current in a mine varies as the square of the vchn ity, and has 
made some c.x|xTirnenis which show that in some air-courses u 
is so. Ordinary af»proxiraatc observatitms u|xm the water-gauge 
in a fan-<inft, and upon the <juantity of air jassing through the 
mine, show* that the :o!um< of air ts apf^ritMmaieiy in pri>portion 
A' the squart r0i t </ the pressure ; or, as it is mr»rc ( ommonly 
suted, that the pressure is approximately sn pn^portton to the 
square of the volume of air. 

It ts» however, so difficult to oieasure the air, or U) observe 
• N. E Ifiiu 
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the water-gauge with accuracy, and the range of pre ssure com- 
monly observed is so slight, that it would be unjustifiable to set 
out a positive law for all pressures from these insufficient and 
generally rather discordant observations. Experiments especially 
made by the writer, with pressures up to 3 inches, agree with the 
rule. From experiments which he made with water in small tubes, 
Mr. Edgar C. Thrupp consideue that the friction of water in small 
tubes is shown by the formula in p. 367. According to this rule, 
the increase of friction is less than it would be were it to increase 
as the square of the velocity. 

'The writer has made a number of experiments on the friction 
of air in small tubes, and finds that it is less than it would be if 
it increased as the square of the velocity, which seems to show 
that the resistance in smooth glass tubes varies according to a 
difTerent rule to that of rough passages of a mine — a conclusion 
which would commend itselt as being apparently very" reasonable. 

In conclusion, for the ordinary ajiproxiinate calculations which 
are sufficient fi^r ordinary mining oi>eraiions, the rule is sufficiently 
accurate. 'Fhough, if it were desired to know the maximum 
quantity of air that raiglit be passed through a long smooth tunnel 
at a given pressure, it would Ihl* advisable first to ascertain the 
rules that govern the flow of air in smooth tunnels, with a little 
more care than has perhaps yet been taken. 

In practice Rule III. is not used, because the amount of 
power required to give velcKiiy once to the air cunent is so slight 
*rhus, sup|>osing a final velocity ot 16 feet per second, or 960 feet 
j)er minute, this would require a pressure equal to a column of 4 
feet of air ; or, turning this into a water-gauge, and taking water 
as l>cing Soo times the weight of air, equal to part of a foot 
of water, or of ‘'in inch, which ccjuals about -jL of an inch of 
water-gauge a pressure so slight that it can hardly be measured 
with an ordinary water-gauge. 

Rule IV. is the most imjiortant rule, l>etause it shows that 
it is imjHJSsible to increase the velocity of the air in a mine 
lK7ond a ccruin figure. Thus if, with a pressure of i inch of 
water-gauge. 50,000 cubic feet of air a minute p.ass through a 
mine, and it were ncccssiry to increase the quantity to 100,000, 
a pressure of 4 inches of wrater would be required ; or, if it 
w^crc necessary to increase the volume to 150.000, a pressure of 
9 inches would be require<l ; and a pressure of 16 inches w’ould 
be ncctled for a volume of 200,000 cubic feet, supposing that 
all the air-|mssages remained the same in each case. But 
pressures above 4 inches arc unusual, and wasteful of power ; 
therefore, in order to increase the volume of air in the mine, the 
air-roadi should be enlarged. 
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Rule V. only requires a little consideration to l>e self-evident. 
Take the case of two air-ways of equal length ; if the peripheries 
are equal, the rubbing surfaces in each road will be equal. 
Supposing the air-current in each case to have the same velocity, 
then the work to be done will be the same 
in each road. Let one road be lo feet 
square (see Fig. 337), and the other he 15 
feet wide and 5 feet high. The periphery 
of each of these roatis is 40 feet, but the 
area of the lo-foot roail is 100, and that of 
the 15-foot road is only 75. 'Fhc rubbing 
surface and the velocity being the same in 
each i.ise, there must be an equal ventilating 
pressure for the whole of the area of each 
Flu. mad roatl, and therefore the pressure j>er square 

3'H. i.xw u foot must lie greater far the smaller n^nd, 

in order lo make the total pressure equal in each case ; so that 
if I inch of water-gauge were the pressure for the smaller road, 
0*75 of an inch would be the jire.ssurc for the larger road. That 
is to say, the [>ressures are inversely projiortional to the areas, 
other things being equal 

Rule VI, follows from the three rules, II., IV,. and V. 'Ibe 
mathematical terms, ** squaring’' and ** cubing,” will be easier to 
understand if we consider their derivation. 

A scjuare is a rectangle of which eac h side has the same length. 
If each side were divided into twelve j>art5, and lines ruled across 
from each division, fonning it into little squares, the numlicr of 
these squares would In.' 12 x 12 = 144, which is the square of 12, 
If a cubical piece of wood were marked on each side of its 
upper surface with twelve divisions, and lines drawn across as 
before, there would be 144 squares on the surface. If one vertical 
side were also divided into twelve parts, and the cube was sawn 
across attach of its twelve divisions, each of these divisions v.oull 
contain 144 small sejuarcs. whi< h might l>e rut into 144 cubes ; or 
there woultl l>c 1728 small cubes m the ongina) c ube. Therefore 
1728 is the cube of 12, the culxr of any numl)cr licing iliai numlcr 
multiplied by itself twice over, as 12 x 12 x 12 - 1738; 172H is 
the number of cubic inches in a cubic fo<ii. I'o sjxrak of a numl>cr 
being cul>cd is merely a brief method of saying that it is mul 
liplied by itself twice over. Another equally brief mcthcxl is to 
sfxtak of the numlier lieing raised to the third fiowcr; thus 12 to 
the third power is the same as 1 2 cubed, and it is written briefly 
thus; 12*. In the same way, 12 squared is la to the second 
power, and it is written briefly thus : 1 a*. 

Thus the siitb rule means that the |X)irer required for vcnlila- 
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tion is proi)ortional to the velocity multiplied by itself twice. 
Thus if the air-current is 50,000 feet a minute, and the water- 
gauge pressure is i inch, the pressure in pounds is 5 2. 

5*2 X 50,000 = 260,000 foot-pounds 

If the quantity is doubled, then the power, being proportional to 
the cube, will be — 

50,000^ : 100,000* : : 260,000 : x = 2,080,000 
that is to say, the velocity being doubled, the powder is increased 
by 2 X 2 X 2 = 8. The reason of this is at once apparent ; the 
(juautity of air being doubled, twice as much power -is necessary 
for this double quantity. But whilst the speed is doubled, the 
pressure is quadrupled ; therefore four times as much power is 
retjuired, so that we have 4 times X 2 times = 8 times. 

Rule VH. — 'I'he coefheient of friction can only be ascertained 
by experience, and different results have been obtained by different 
observers, some of which are shown in Table XL 

Taulk XL K f r vcl./City of 

I ixi a minute. 

The late J* J. Atkin<;on, in hts well-known lxv>k, put^ it at 
0 0217 11 '. f 'r \cl(Kity of iO(X) feet. If ihii» is rctluced to 
the coefficient for a ve]<»ciiy of i foot j>cr minute, the ibe 

ti;;uro viouKl l>c in pound> |H:r v|uaic ... ... 0'00000002170 

a coni menial engineer, puts the tigmc at ... 00000000095 1 

1 ). K. Claik (for raiUay tunnels) ... ... ... 000000000228 

Arnol ! I.uj ton (the writer), longw.iH mine ... ... o 000C0000477 

'I L. hi wen, for straight air-wa)s, even in section, w out 

timlH*r, in coal ... ... ... 0*000000002769 

,, for straight .lir-ways, irregular section, witli- 

out timlKr, in coal ... ... ... o 000000003594 

,, for str.vight air-wa)'?. without timt>cr, vi r\- 

jaggcil sulcs . ... ... 0000000004230 

,, for straight air- ways, regular section, I ml>er 

plcniilul, ill coal ... ... ... 0*000000004704 

,, for .shafu, irmlieiol ^^unt^»ns 01 brattice) ... o 0000000036S6 
,, for .straight air-wavs. very irregular section, 

with timlx-r. in c«»al ... ... ... 0*000000005510 

forslrnigbl air-ways in coal, irregular sectu>n. 

plenty oi tinilxr .. ... 0*000000005595 

for air-wa)s rv»un<l bonl and pillar, face of 

wuikings ... ... ... ... o oooooool 36S5 

It is evident, from lhe.se figures, that the coefficient varies with 
the nature of the surface of the ro ulway, and it seems probable that 
the average coefficient of a colliery would be about 0 000000005, 
which is also a convenient figure tor calculations. 

In the above table the coefficients of figures do not app)ear 
the same as in the works from which they are taken, because they 
arc all reduced to a uniform velocity of 1 foot a minute, accord- 
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ing to Rule IV. — that the pressure varies as the velocity*. If, as 
in Mr. Elwen’s case, the coefticient is given as 0 002769 for a 
velocity of looo feet per minute, the coefticient for a velocity of 
1 foot a minute will be retluced by 1000^ = 1,000,000, and will 
therefore be written, 0*000000002769. The coefficient is often 
given in feet of air-column. Assuming that the temperature of 
the air is 52^, the barometric pressure 30 inches, then the weight 
of I cubic foot will be 0 07 8 lb. Then the coefticient above given 
may be turned into feet of air-column by the following rulc of- 
ihree sum : — 

0*078 (lb.) : 0*000000002769 (II).) : : 1 (foot of air-column) 

: 0 0000000355 (loot of air-column) 

It is to be regretted that, while the coefficients above given 
differ so widely, there has not been some authoritative investiga- 
tion of the question by one of the Institutes of Mining Engineers. 
The use of this coefficient is evident ; without it we can only 
calculate the probable friction of air-roads by comparison with 
other air-roads, by means of Rules II., IV., V., and VI. ; but the 
coefficient being once settled with approximate accuracy, it is 
unnecessary* further to refer to other experience. 

In future calculations, the coefticient will be assumed as 
o 0C0000005 for a velocity of one foot a minute for the whole of 
the air-passages in an average colliery*. 

Rule VI L may l>e ajiphed as follows - 

L =- length of air-road. 

C = peripher)'. 

R = L X C r- rubbing surface. 

V = vel^xrity in feet per minute. 

= volume of air in culiic feet i>cr minute. 

K ~ coefticient of resistance |>cr square foot of rubbing 
surface at a vekxity of i fool per minute. 

A - area in square feet. 

In a given instance L r Scoo 
C -= 26 

A ~ 8 X 5 ^ 40 

R ~ L X C = 8000 X 26 r- 208,000 
800 feet }Hrr minuic 
Q “ A X V 32,000 
K ~ 0*000000005 

. ^ KKV^ 0*000000005 X 208,000 X 640,000 , ^ 

then P rr - ^ ^ « 16*64 lb«. 

A 40 

or, dividing by 5*2 to turn it into water-gauge, the prciuiurc is 3 2 
inches of water. 
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The accuracy of Rule VI L is evident if the previous rules are 
admitted, because P, the pressure per square foot, must be equal 
to the total resistance divided by the square feet of sectional area. 
'This total resistance must equal the total area of rubbing surface 
R X tlic resistance of each square foot at a velocity of one foot 
K X the velocity*. 

Rule VIII. — On the same assumptions, Rule VIII. is also 
accurate, as is shown by the following reasoning ; — 


Since P 


KRV’- 

A 


PA = KRV* 


Since KP. = QP - quantity in cubic feet by pressure per 
s(|uare foot, and since Q = AV, then substituting AV for Q, we 
have — 

F.P. - PAV 

and substituting KRV- for PA, we have — 

r.P. KRV^ X V rr KRV^ 

Applying this rule to the road in the above example — 

F.P, 0*0000000051 K) X 2oS,ooo{R) X 5i2,ooo,ooo(V'^) 

= 532,480 

and dividing l>y 33,000 to turn it into horse powers, we get — 

H.P. -- 16 13 

'I’he advantages of a large air- way are easily shown by applying 
tliis rule, Sup|>ose that in the foregoing exanqde the air-road had 
been only 5X4 — 

or A - 20 
C - iS 

K 18 X 8000 = 144,000 
( ) “ 32,000 as before 
V ~ lOoo Icct j)Cr minute 

then F.P. - 0*000000005 X 144000 X 4oc/\ooo,ooo 
2,049,120 

or H.P. ^ 89*36, or nearly six times the horse-power required for 
the larger road. 

It is evident that the veloc ity in the second instance is a great 
deal too high for practical purpo>cs. 

Rule IX — The truth of this rule is also apparent (the same 
assumptions being made as before). 

Thus P varies directly as the rubbing surface, and the nibbing 
surface varies directly as the diameter or side of a square, there* 
fore P varies .as D. 

R 
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P also varies inversely as the area, and the area varies as the 
square of the di:tmeter, therefore P varies as l)\ 

P also varies directly as the velocity* ; the velocity also varies 
inversely as the area, or inversely as D*; therefore P varies 

inversely as D‘ x D^ or as 

Multiplying the above together, we have — 


P varies as 


D 

Ql 

D X 1 ) X D X 1 > X D X I)^ 


1 

IP 


Taking two shafts as examples, one lo feci diameter and the 
other 12 feet diameter — 

For the 10 feet shaft, -- o’ooooi 

for the i2-fcct shaft, ^ 0 000004 


That IS to say, (or equal \olumes of air the resistance of the 
10 feel shaft is two and a half times that of the la fcct shall, 
'i his shows the great economy of large shafts for the purposes of 
ventilation. 


Rule X.-- 


P X A 
" R X \ * 


This is evidently in accordance with Rule VII., and is a]>plied 
as follows. 

In any particular mine the ventilating pres!>urc is measured by 
the w’atcr-gauge, from which the pressure, l\ in [>ounds is then 
calculated* 

A, the sectional area of the air-road, which is uniform throughout, 
R, the rubbing surface, and V, the velocity in feel per minute, 
are all asceruined by measurement. 

It IS evident that the (oeffuicnt of resistance jKrr square fool 
of rulibing surface equals the total pressure, that is, I* x A divided 
by the extent of rubbing surface in square feci, R, and also 
divided by to get the cocrticicni rcdiKcd to a velocity of i bxH 
a minute. In applying this rule to any (xirticular mine it is found 
that the air-road vanes in »cc;tion, and as the pressure require<I 
varies greatly with any change in velocity, it is necessary lo 
ascertain the resistance due to each section of air-road. 

'I hc methcxl of doing this is given by Mr. Thomas Fairley, in 
his excellent little book, ** Ventilation of Mines,* and the formula 
given in Rule XL is taken from his book. 

To explain the use of this formula, the simplest way is to take 
an tlltinratio.nu Suppose the total length of Uie air way to 
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()l)scrve(l is 4000 feet This should be measured in say four 
hundred places. It will be found, however, that the sections so 
measured are in a great many places the same. For the sake of 
simplifying the example, we will assume that all the different 
measurements, each of 10 feet length, can be arranged under 
four sizes, each 1000 feet in length. (It is probable that in 
]>ractice there would be many^ore sizes, and the lengths would 
be unequal.) 

The four sizes are as follows : — 


No. 1. L = 

1000 

A ~ 30 

C ~ 22 

R = 2 2,000 

No. 2. L " 

1000 

A - 50 

C = 30 

R = 30,000 

No. 3. L 

1000 

A - 40 

C = 26 

R = 26,000 

No. 4. L - 

1000 

A - 20 

C - 18 

R - 18,000 


1'hc total ventilating pressure for the whole mine = i inch 
water-gauge, or 5*2 lbs. Q = 15,000. 

Let No. I be the standard section. 

The problem is to find out what length of road of No. 2 
section would have a frictional resistance equal to No. i section ; 
also what length of road in each of No. 3 and 4 sections would 
have a resistance etjual to No. i section. When this is ascertained 
we have a hypothetical road of uniform sc‘Ction throughout, to 
which Rule >L can be applied in order to ascertain the coefficient 
of fri('tion. 

1/ ~ Irneth of road of standard section that would have a 
frictional resistance equal to that of the actual frictional resistance 
of tlie measured section. 

The following tabic shows the result as calculated : — 

t ect 

No. I. 1 / ~ L icoo'o 
No. 2. 1 / = •94’54 

No. 3. 1 / = 40^-57 

No. 4. L' = 2761 36 


4554*47 


'Fhe figures arc ascertained .is follows by Rule XL, in whicli 
A' ~ area of stand.ird road = 30, 

C' = periphery of standard road “22. 

R ~ actual rubbi ig surface of the section measured. 

A = actual area of the section measured 
V = length of road of standard size, the friction of which 
would be equal to the friction of the section as actually measured 


No. I. i; 


A'* X R 

C X A* 


1000 
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No. 2. V 


2 94 *54 


No. 


No 


o* 


L 


i: 


~ 49S'57 


- 2761*36 


3o'(A''‘) X 3 o,ooo(R) _ 27.000 X 30,000 
”T2(C') X 5o'‘(A*) ” 22 X 125,000 

30' X 26,000 27.000 X 26,000 

22 X 64,000 ~ 22 X 64,000 

30'' X 18.000 
22 X 8000 

We thus fintl the iiyi>oihetical road is 4554 47 fed long, or raihci 
longer lh,in the actual length. 

Applying Rule X., we ascertain the cocfticient of friction. 

The accuracy of Rule XI. (on the assumption made through- 
out. that P varies as the velocity®) is apparent by the following 
argument 

Comjxiring section 2 with section i (the standard section foi 
the hypothetical road), it is evident that L', the length of hyjto- 
ihetical road, with equal resistance to section i, will be shorter 
than section 2, because the standard section is smaller, the 
resistance greater, and therefore a shorter length of that section 
wi!) have a resistance efjual to the longer length of section 2. 

Con.sidcring first the reduction in length due to the increased 
velocity in the stindard section, we liavc, calling V the actual 
\eIocity, and V' the velocitv in the hypothetical section, X '** : 

: : L: L\ 

Also the ventilating pressure in the hypothetical section will 
l>e greater for equal lengths of road owing to the smaller area ; 
therefore the length of hypoihciicai liun will be again reduced 
in the following proportions; — A : A' :: L : 1 /. But owing to 
the less rubbing surface, due to the smaller [trimeter of the 
standard section, the length of hypothetical road will lx* increased 
in j roportion to the i)cnmeters as follows . — C : C : : L : V, 

Multiplving these together, wc have - 
: V- :: L : L' 

A : A' 

C : C 

But since V' is luvcricly as A', and V is invcrsel) as A, wc 
have — 

y*2 . Y* . . 

• • A'’ ' A’ 
or V** : X'* : ; A’ : 


Then substituting A* for and A''^ for y\ wc fiavc the fol- 
lowing pro|Kirtioo : — 

A : A' : : L : i; 

A® : A^ 

C : C 
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or A»C' : A"C : ; L : L' 
or L'A'C' = LA-'C = A^B (since LC = R) 

. T ' = A-R 

• ■ ^ A"C' 


L ~ 1 
C mS 
.% m 4 
V - / 


Amt 

Cm g 
r m t 




rA e>s^4s 


Uniform Size of Air-roacL — The foregoing rules are 
sufficient to prove that ec6Domical ventilation can only be 
obtained by having large air-roads throughout the mine. But it 
is not only necessary that the average section should be large, 
but that there should be no small or contracted passages, because 
the increase of friction due to a contracted passage is more 
than the reduction of friction due to an enlarged passage. 

To take an instance from everyday life. One man takes a 
journey at id. a mile for 3 miles ; total cost, 3//. Another man 
goes the first mile for id., takes a cab the second mile, for which 
he pays 6//., and walks the third mile 
to make up for his extravagance ; total 
cost, 7^/. In the same way, a con- 
tracted length of road may increase the 
resistance sixfold ; whereas, if the next 

length of road is so large that the .i . / 

friction is practically nil, the previous LJfrJ 
increase of friction cannot be counter- 
actcii. 

The following sketch (Fig. 328) 
shows two air roads, the first one of 
uniform section, == 2, the horse- 
power for ventilation ~ 18. The second 
air-road, of equal total length and larger 
avenge section, is in three lengths: 
one hai an area \ - 2, requiring six 
horsc-pow'er ; the second has an area 
A “= I, requiring thirty-two horse power 
(by Rule \TII.) ; the third has an area 
A = 4^ requiring one horse-{)owcr ; total horse power for the 
uneven road, thirty-nine, or more than twice that of the road of 
uniform section ami less average area, the average area of the 
uniform road l>cing six as compared with seven, the average area 
of the irregular road. 

If a train of waggons is left standing in the mine in a con- 
tracted portion of the air way, there may be as much resistance 
to the wind passing through this part of the road as in the whole 
of the rest of the mine. 

The conclusion to be drawn from these calcuhtions is, that 
if there is a deficiency of ventilation in any mine or district of a 
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mine, every contracted part of the air-way should be enlarged to 
the average or standard size. 'l‘he brattice and air-pii>es must be 
so fixed as not to obstruct the main current, and it is practically 
wasting money to make any jmt of the air-road much larger than 
the average. 

Splitting and Coursing.— If tlie total quantity of air that 
could be passed through a mine mere limited, as, say, by the 
dimensions of the reciprocating air-[)iimp, it might be necessary 
that this air-current should pass through tiie mine in one undivided 
stream, making a long circ uit in order that the current in each 
district should have sutfuient velocity and momentum to clear 
out the gas from all the cavities and corners and high places in 
which it would lodge, and from which a current of slow velocity 
might not remove it Such a method of ventilation is sometimes 
described as coursing. 

If, on the other hand, the amount of air that parses through the 
mine is practically unlimited, as in the case of a mine ventilated 
by furnace or by a centritugal fan (uf which the dimensions are not 
too small), then it is unneccssar)* to course the air m one ( urrent. 
It may be S[>ht up into numerous currents, cacli taking one dislrici. 

This is the only safe way of ventilating a (olhcry, and is the 
most economical way. It U safe, iKcausc it introduces a supply 
of fresh air into each district, instead of trying to ventilate one 
|>art of the mine with a.r already fouled with gas from another part 
of the mine. It is cconotnical, l>ccause t!ie length traversed by 
each current of air is shorter, and therefore the ventilating pressure 
required is less. 

The practical method of splitting the air a urrent by intro<!ucing 
air-crossings has been already explained and illustrated in Fig. 
284. The total quantity of air passing through a mine may be 
enormously increased by sjdiiung. 

Assuming the case of iwa; mines similar in every resjiect, the 
water-gauge or ventilating jiressurc being the same ; but in one mine 
the air is coursed in one current, and in the other it is split up 
into numerous currents, My ten, earh of these ten currents being, 
say, onc-founh the length of the course liken in lire other mine. 
Then for equal velocities, the pressure required m the splits w ould 
be only one-fourth, but as the ventilating pressure is ec|ual in cacli 
case, the sficed along the shorter roads will l^e increased (Rule 
J\'.) as the square root of the pressure, or as the \'4 : i :: 
2 : I. 'Fhus the s{Hi*ed in each of the ten rc^ads is twice the s}a;cd 
attained in the other mine. Consequently, the area of each road 
beirig the same, the volume of air i^asscd will be twenty time* as 
great in the mine with ten splits as in the other mine with one 
long course* 
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The method of calculating the amount of air in any split is 
given in Rule XII, 




This rule is derived as follows : — 

Q, the quantity of air in cubic feet per minute, = the velocity 
in feet per minute multiplied by the area of the air-road in 
S(|uare feet 

K RV* 

Or Q “ VA, and according to Rule VI [. P = 


; , and V 




VA ^ () 




In practice, to find the quantity of air passing along any given 
air-road, it will be best to apply this formula to each road sepa- 
rately ; but for the pur|)Ose ot illustrating 
the advantage of splitting, it may be iiTTli 

simplified. ! i ! 

Fig. 329 shows a mine with four dis- I ^ 

tricts, through which the air is coursed — iV 

in one stream, as shown by the dotted fi — I t 

lines. Owing to the arrangement of the 
air-roads there shown (one wduch is f * ; 

hardly likely to occur in practice), it is I Li ^ 

possible to split up this air-coursc into * 

iour air-courses, as showm by the full Fu.. 3^7— Mcih>i of spHtt.ni? 
lines, cac-h about onc-fourlh the length 

of the original air course. In this case cv>urxc ; v^hd iin«$ show lour 
the total length of air-road is the s.ime ***’ 

bclore and after splitting, and therefore the rubbing surface is 
the same, the coetficient is also the same, and the ventilating 
pressure is maintained at the same water-gauge before and after 
s[)liiting. So that P, K, and R c.in be neglected for the purpose 
of comparing the ventilation in each case, and — 

Q oc v'A X A 

As each of thest* air-roads is the same size, A or the number 
of splits = N. Thus — 
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Taking the above case, and assuming that Q - 10,000 in the 
first instance, when N = 1. after splitting N » 4. Then — 

s'l XI : ^'4 X 4 :: 10,000 : 80,000. 

It is evident that this is a much simpler example than usually 
occurs in practice. Suppose that in the instance above given the 
four splits had been of unequal length, everything else remaining 
the same ; then, taking formula in Rule XII., we have P, A, C, and 
K constant for each split, L alone differing. Then the (juantiiy 
of air in each road will vary inversely as the \^length, written 
thus — 

<.> - V i 

Let the air-course in the fir>»t mine be 1 0,000 feet in length, 
and be subsequently split into four courses of 1000, 2000, 3000, 
and 4000 feet each, or, as comj)ared with the first air-coursc, 0*1 
first 0*2 second split. 0 3 third split, 0*4 fourth split. Then 
the air parsing along the first sjdii as compared with that in the 
original course — 

I St split * - \ 10 - y 162 X 10,000 cub. ft. (orig. quant.) 

\ 01 - 31, <>20 

2nd „ / ^ - sJ - 2*236x10,000 .. 22.360 

0*2 


3rd / * ^'3 553 

4^^ ^ ^ ■ 15811x10,000 

V 04 — 

88,041 

Additional Air-roada — The effect of adding air-nxuls to 
a mme must not l>e confused with splitting. If a mine lias one 
air roa i, and another air road is ad<lcd of equal length ami 
dimensions, and the vcnlilaimg pre sure maintained, the total 
lenidation will be dimply doubled ; and for every additional air- 
road of equal length and area, an cqu.il ad<lilion wdl l>c made to 
the amount of ventilation if the {>rcssurc is maintained 

Air ways in Inclined Mines.— Where the mmc is |crfcc(!y 
ie%cl, the umjicraiurc of the mine has no cffeM on the vcniilatiun 
until the :ur arrives at the u|Kast shaft Where, however, the 
mmc IS imhntd, the temficraturc may have a cunvidcrable cfftit 
For instance, if an incline is driven <lownhill, the fresh air from 
the de ycnfMi going down the imhne and returning by another 
iiicime, the air gets warmed in the workings, and the mdinet will 
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be ventilated by a process of natural ventilation due to the tem- 
perature of the mine, IC on the other hand, the incline has 
l)cen driven uphill, the cold air from the downcast going up this 
incline and returning down a similar incline, the air, getting heated 
in the workings, will be warmer in the return than in the intake, 
and this difference in temperature will work against the ventilation 
as much as in the other caste it works in favour of the venti- 
lation. T'here will be no 
natural ventilation in this 
case ; the district will en- 
tirely depend on the pres- 
sure produced by the fan or 
ventilating furnace. 

To lake a practical in- 
stance (Fig. 330). Su[)pose 
the incline to be 20C0 yards 
in length, at a gradient of 
10 per cent.; the total fail 
of the intake or rise of the return is 200 yards, and the ven- 
tilating pre.ssurc due to the temperature of the ground may 
l>e ascertained m the same way as for an uj>cast shaft 200 yards 
in depth. Let the average temperature of the intake incline 
be 62^ and the average temperature of the return incline 72°, 
then the ventilating pressure may be obtained by the rule given 
for furnaces ([e 203). 

X = D - 



Fio — Incline air-road^, 0400 feet 1 m 4 

W (». more than | »n< h in /arout for dip road ; 
ngtHHSi for rr ad 


In this case D = 600, and f = 459 + 62 - 521 ; T 439 4* 
« itnd X = 600 — " ^ ^ = 12 ; 12 feet of air-column 


at 62^ = 0*17 inch W O. 

Or it may be found from the table of weights of air at different 
tern [X‘r4 lures. One cubic fool of air at 62" weighs 0*07641 lb., and 
at 72^ - 0*07497, or a difference of 0*00144 lb. for each cubic 
foot. This multiplied by 600 - 0*864 lb. Pividing this by 5*2, 
the water-gauge is found to bo 0*166 inch, and this pressure is 
assisting the \entiIation, If the incline had been driven uphill, 
this pressure would I avc been resisting the ventilation. If these 
rnt'lincs had been driven at a great distance from the shafts, where 
the ventilating pressure was very’ slight, this difference of 0*332 inch 
W.(L l>ctwecn the pressure requiretl to ventilate the descending 
and ascending mines might make all the difference between having 
a good ventilation and an insufficient ventilation. If, on the other 
hand, the inclines had started from some place near to the shafts, 
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where the available ventilating pressure was say 3 inches W.G,, 
there would be practically no difference in the ventilation of the 
two districts. 

Auxiliary Ventilation. — In some cases it is necessary to 
start air-roads of great length from a place which is already distant 
from the shaft, the ventilating pressure produced by the existinjt 
fan or furnace being required for \he mine as it exists. But if 
a pair of roads are driven for a further distance of say a mile, it 
would be impossible to make the air travel that further distance 
without putting some regulator into the main air-course at the 
point where the new road branches, and thus obstructing the entire 
\entilation of the mine or the district from which these new roads 
are driven. Therefore, for the sake of ventilating these roads, it 
might be necessary to increase the ventilating pressure for the 
whole mine, requiring perhaps a considerable addition of outlay 
and working ex{>enses. It may, however, he [x^ssiblc to \entilaic 
these new roads by an auxiliary fan, winch will produce the required 
ventilating pressure for tins di>iricl alone. This fan may cither 
force air into the new intake or exhaust it from the return. 

This methtxi is only practicable where steamq>ower is trans- 
mitted into the mine in some form, say by endless ropes, hydraulic 
pressure, conifiresscd air, or electriciiy. 

When compressed air is laid on, it i.s often used for ventilation. 
In continental mines, \ery small jets of it arc taken into head- 


ptn^ 

'I i 
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in-^s. A better ventiUtion is, however, obt.rintil by ktling a )ct 
of air IjIow through a pijic (we Fig. jji), thus imlocing .i ronsuh r- 
ablc current ; these small air jeu arc, however, only for tcro|ior.u)r 
makeshifts tn special cases. 
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CHAPTER IX. 

CHEMISTRY OK MIXES: GASES, WATERS. 

Oases. — 'i'hc air consists of tuo gases, nitrogen and ox}gen, 
which arc not chemic ally combined, but are mixed up together 
incchanirally, just as dry peas and beans n)ight be mixed together 
in a bushel. The gases are both of them invisible, without taste or 
smell, and are very nearly the same weight, so that they do not 
separate one from another. The mixture is composed, according 
to Cavendish, of: oxygen, 20*833 volumes; nitrogen, 79*167 
volumes; tutal, 100 volumes. When taken by weight, the mixture 
is composed of : oxygen, 23 lbs. ; nitrogen, 77 lbs. ; total, 100 lbs. 

l‘he specitK gravity oI air is i. The symbol of oxygen is 
(); the atomic eight. 16; density, 16. It is the great suj»porter 
of life and of < ombusiion ; without it animals die, and a fire or 
< andle will not burn. We could not live in pure oxygen, because 
It would be loo exciting. If a red-hot iion poker is held in pure 
oxygen it will burn rapidly. I he nitrogen in the air serves to dilute 
the oxygen and make it fit for orc.inary use. Nitrogen, symbol 
N ; atomic weight, 14 ; density, 14, It is a harmless ga<?, and does 
not support cither life or fire, so that in an atmo‘'{»here of pure 
nitrogen human beings w’ould die, and a light would not bum. 

Fire-damp.— 'I he noxious gases met with in mines are, first, 
firc-da*uj), called by chemists light carburcltcd hydrogen, or marsh- 
gas. Its symbol is CIC ; density, 8 (that is to say, it is half the 
weight of oxygen) ; the specifu gravity i^ 0 5576. It consists of 
( arbon and hydrogen chemically combined. It is colourless, taste- 
less, and without smell. It is often disengaged from decomposing 
matter in marslies, and might be lighted as it bubbles to the 
surface ; it burns in the atmosphere, but does not give such a 
good light as ordinary illuminating gas. When mixed with air in 
projiortions var)*ing octween 7 per cent, and 14 )>er cent, of gas, 
It is explosive ; it tlicre is 10 |xt cent, of gas, it exjdodes with great 
violence. It is found in most mines. No trace of it has been 
seen in the Forest ot Dean, but in all the main coabhelds of the 
country it is abundant. It is given off not only by coal, but by 
strata of all kinds in the cual-mcisurcs. 'Hiis is the gas which is 
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meant when the word ** g.is ” alone is used. Being lighter than air, 
it IS found in the highest cavities, but in rapid currents it may get 
mixed up with the air. Whenever air and CH4 are present 
together they aie always more or less mixed, but the lighter gas 
IS found in greater proportion m the higher part of the chamber 
containing it In many mines it is given off so abundantly that 
It amounts to 2 per cent, of the return air. It is also often given 
off Iroin coal after it has been brought to the surface, and anv 
place where the coal is stored must be ventilated. If it is put 
into a ship, for instance, and the hold or bunker is not ventilated, 
there is likelv to bean explosion if the place is entered witii a iightCii 
candle. It eaists in co il under great pressure , it has been ol)servefi 
at a pressure of several hundred pounds per st|uare inch ; but very 
likely this measurement does not ^epre^e^t the greatest pressure 
at w hKh It nu) exist. Il blows out through innumerable sin ill 
pores a id crevices in the coil , owing to the great pressure at 
which It exists in the toal, its issue is not affected by any varia- 
lons in the atmospheric pressure as shown by the liaromcter. 
Reservoirs of this gas m open places in the mine, whether in 
unit mil lied healings or m unventilatc 1 goaves, however, are 
suSie<,t to variations of volume corres|>ondmg it> the variation-^ in 
barometric il pressure. Thus il a cavity contains jdo,oo 3 feet ot 
cx[»losi\c mixture, ami the baro ncter falls r inch, from iru hes to 
29 inf he^, the 300,000 eubic teel will expind th it u to si>, bv 
10,000 teel, and thi> volume <if cxpltisive mixture will issue from 
the cavity. 'I herc should be, however, in cverv p.irt of the mine 
such go k 1 ventilainn os will sweep away any expansion^ ot gas, 
and there should, of course, a> a general rule, Ivc n> large 
unvcntilated civiiies. If a cent ol this gas is in an atmo> 
sfihcre thickly irnprc^nateti viith coal du>i, the mixture is explosive 
'fhis gas IS not fit lor brcithing, and if there is a large jicrcentage 
of It m any pUce, men entering u will be suffxalcd 

Black-damp. — 'CarlKinic acid gas, c dlcil by chemists ^‘arlion 
dioxide. S>mlx>l, CO, , density, 22 ; specific gravitv, 1521. This 
IS common!) tound in mines, generally in shallow mints. It is 
( dourlcss, odourless, invisible. Being 50 [M:r cent hcivicr than 
air, It is generally found on the floor and m cavities in the floor, 
an I can be jiourcd like water from a high place mt > a lower 
pla< c. If breathed by human beings or animals (hey soon die, 
and flame H instantly extinguished. an<l a hall [kt cent of 

this gas will put out a flame;* its fwe-senre ran be axeertamed l>y 
observing a candle or other light In exploring wells it u common 
to lower a light down to see if ibere u any of this gas in it ; 

* btncf the uUwrt wm wnttm, ihe aatliar bxi raa^te e«|)cofiieiiu which 
pfore that when mued with *ir 20 per cent t«y mex«are cif fwre CU, i* 
iv csttaguftih • wiibMUt dcUy. 
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where ihe light will bum animals can live. In small quantities 
the gas is not poisonous. It is found in the atmosphere to the 
extent of 4 volumes in 10,000 volumes of air, and is expired by 
animals in breathing. 

Sulphuretted Hydrogen. — The chemical syml>ol is H2S; 
us density is 17. It is a colourless gas, having an offensive smell 
like that of rotten eggs ; it is t'cry poisonous. It burns in air with 
a light blue flame, and will probably form an explosive mixture 
with air. It is occasionally, but very seldom, found in considerable 
quantities in mines. It is said to cause blindness if breathed. 
It IS j robably not uncommon in mines in minute quantities, 
which give a scent to unventilated places containing fire-damp. 

Carbonic Oxide, generally called by themi.sts carbon mon- 
oxide. — Chemical symbol, CO ; density, 14 ; specific gravity, 0 968. 
'i his gas is colourless and tasteless. It is combustible, burning 
\\ilh a blue flame; it is explosive when mixed with air in the 
proportion of i volume of carbon monoxide to 2 J of air. It is 
exceedingly j>oisonuus, a minute percentage producing fatal effecis 
if breathed for a sliort lime ; it is the most dangerous gas ever 
found in a mine. Furtunalely it is not, like fire-damp and carbon 
dioxide, a natural gas, but is only found as the result of imperfect 
combustion. It may be jtroduced by the explosion of gunpowder 
and other blastmg compositions, and is often ])resent in smoke 
from a fire. 'Ihe bright flame emitted from uncovered blast- 
furnaces IS produced by the combustion of carbon monoxide. '1 he 
<icnsity of carlxin monoxide being about the same as that of air, 
it is equally likely to be found on the floor and near the roof. 

Mixing of Gases. — Fhc tendency of all gases is to mix 
together, and the only reason w hy fire damp is found near the roof 
IS because its tendency to rise (owing to its lightness) is greater 
than ’Is tendency to mix ; in the same way that carl>on dioxide is 
found near the floor, l^ecausc owing to its weight its tendency to 
sink is greater than its tendency to mix (see Figs. 332, 333). 
When the air is moving, the tendenc) to mix is increased. In a 
place containing a great deal of gas, whether the air is moving 
or stationary^ fire-damp ina) be found on the floor as well as at 
the roof, air, being also at the roof, forming an explosive or in- 
flammable mixture throughout the w hole height of the place, 

Budionxeiry.- -(iascs also pass through most solid sub- 
stances, such as a brick wall, and will pass very raf>idly through a 
piece of unglazcd [iorous porcelain. The lighter the gas the more 
rapidly it passes through porous substances ; thus fire-damp will 
pass through twice as quickly as air, and three times as quickly 
ns carbon dioxide. If a stoppered bottle of porous porcelain 
containing air is put into the gas CH4, the gas will j^ass rapidly 
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ioto it, and the air will pass out at half the speed ; consequently 
the bottle will get fuller, and the pressure inside will be greater. 

Ansell’s Indicator.— This principle was used by Mr. Ansel! 
for the purpose of making a fire-damp indicator. He had a 
small cup covered with a plate of porous porcelain, the cup con- 
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tamed mercury cunnec te<l with a lube rising up like the tul)e 
of a barometer from the bottom of the cup. When the cup was 
pLiced in fire-damp, the gas entered the cup faster than the air 
escaped, thus causing .in increased pressure in the cup, which 
i aused the mercury to rise m the column ; the n>mg column of 
mercury^ fonned an electrical communuation, which rang a 1^:11. 
Id another form of Inc instrument the jwrous diaphragm was put 
at the back of an aneroid barometer, and when held in fire-damp 
the tmromcler ind.calcd the higher pressure Neither ol these 
instruments were of any practical use, howescr. 

Liveiag's Indicator. — .A red-hot platinum wire will glow 
brdliantly if surrounded with an atmosphere containing fire damp. 
This projicrty lias 1 cen adopted by Professor Livcing for the 
cmstruciion of a fire-damp indicator. Two platinum wires were 
placed side by side, one in an air-tight thamljer, the other 
exposed to the atmosphere. A current of elcxtntity passed 
through both by means of a small magnetic generator, caused 
i>oth wires to gbw ; »f the ex[iosed wire were in an atmosphere 
containing fire-damp it glowed more brightly, and the percentage 
of fire-damp could be measured by the comparative degree of 
brillancy. A comjmct photometer was added to the inslrument. 
Tht% instnimefit has also been found practically uicUm 
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Spirit Flame. — The presence of small percentages of fire- 
damp can be detected by using a flame of some gas that gives 
very little light, such as that of spirits of wine, as noticed in the 
description of the Pieler lamp, Chapter XL 

Hydrogen Indicator. — The hydrogen flame has been 
adopted by Professor Clowes, of Nottingham, and its use described 
by him in a paper coinmunicafted to the Royal Society. For the 
working of this invention he has a small cylinder of compressed 
hydrogen, and this is con- 
nected by a small pipe with 
the interior of a safety lamp 
(see Fig. 334). This figure 
shows a lamp as patented 
by Messrs. Clowes and 
Ashworth ; it has, however, 
since been im[)roved in 
many details, protected by 
a later patent, but the prin- 
ciple remains the same. H 
is the small steel reservoir 
containing hydrogen at a 
pressure of say 100 atmo- 
spheres; the escajxi of the 
gas can be regulated or 
stopped by a small screw 
]>lug, P. The reservoir can 
Ik; quickly detached and 
carried in the breast pocket ; 
the attachment or detach- 
ment can be eflected in 
tluce or four seconds. B is 



the hydrogen pipe, at the detector. 

^ t * 1 * • * It hv<!ri.*i;cn hurncr, R, oil-nr^n.-oir . P, irini 

toj) of which IS a small btmg pluc; a, S, pucker U>r wuk ; 

burner, the flame from 
which IS regulated by means 

of the screw tap to a height of lo millimetres, or 0*4 inch, R is 
the oil-reservoir, W the ortHnarv wick, and G the pricker ; T is 
the lube bringing the air to be tested, as in a Gray safety-lamp ; 
A is the glass. 

When a test is to be made, the lamp is used as an ordinary 


safety-lamp, testing for gas with a full flame. If this reveals the 
presence of gas, thcie must be a large percentage, the amount of 
which may be judged by lowering the flame and observing the 
height of the cap in the ordina^ manner. In case, however, the 
first test does not reveal the existence of fire-damp, the hydrogen 
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cylinder is attached, and the hydrogen turned on, which lights itself 
at the oil flame ; the oil flame is now put out by means of the 
pricker. The height of the hydrogen flame is then regulated, 
and if there is as much as i per cent of fire-damp a cap will be 
distinctly seen ; with i per cent, of gas, the cap is clear but faint, 
17 millimetres high; if there is ^ per cent., the cap is slightly 
longer, that is 18 millimetres, but is much brighter; with i per 
cent the rap is 22 millimetres, and with 2 per cent 31 milli- 
metres, with 3 per cent 52 milliinelres. A millimetre is 04 inch. 
The above measurements are from exi)crimcnts made with 
methane by Professor Clowes. The percentage is judged from 
the brightness as much as from the height of the cap. The oil 
flame is relighted at the hydrogen fl.tmc after the test. 'I'he 
hydrogen flame cannot be blown out or extinguished accidentally. 
In order to test for gas in any gi\cn place, the lamp is first used 
in the ordinar)' way as an oil or spint-Iamp ; if this gives no 
indication, the hvdrogen flame is next tric<i, and the oil flame 
extinguished. With this lamp as small a quantity of fire-damp 
as I per cent, can be ( Ic.irly delected, l ive utility of such a 
means of measuring small pen cnlagcs of gas is evident, because 
if in the nuin return air way of a mine there is an apparent 
j^rceniage of say J or amd if some of the returns have a less 
percentage, then it is evident that in some parts of the mine where 
the gas IS eiven off the jvercentage will l>c much greater, and m.iy 
be, taking into consideration the dust which iiny also exist, m 
dangerous quantities, though undetected by the ordin.iry safety 
lamp. 

Analysis. — Civemical an.ilysis is a very excellent way of 
ascenainmg the existence of fire-damp in the return air-uays, but 
in order to have this aaalysis it is necessary to take samples of gas 
in bottled out of the mine to the lal>oralor}-. Pbe gas may W got by 
taking down lx>ttlcs filled with water, and then, m the jvbre from 
which the sample of air has to be taken, holiling the boitlc upside 
down whilst the water falls out ; the plvc of the water will then l>c 
taken by the gas in the vicinity, A very small {>crccntigc of gas 
can be readily asccrtainc<i by the mciho<l adoptctl Ivy Professor 
Winkler, of FrcilKfg. Systematic analyses of the return air in 
the minci in fier)* dislricis by some such means would no doubt 
l>e of great use, by giving colliery managers exaa iriforniation as 
to tlic volumes of gases given off from their mines, and the cost 
would be very trifling. 

Precaaiions. — The noxious gases above described are chiefly 
found in the coal-measures, but all mines rec|utre ventilation. The 
workmen, animah, and candles consume oxygen ami give out 
carbonic aad, and not only carbonic acid, but other matter which 
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is injurious to health. Good ventilation is absolutely required for 
these reasons. Wherever explosives are used the air is made 
very foul. After a heavy discharge in some drift, if the workmen 
return to the place before the current of fresh air has driven out 
the smoke, they will be all poisoned, and many disastrous accidents 
liave occurred through onutting this precaution ; but even if the 
stnoke is not sufficiently thick to kill them, there may be enough 
to injure the health and shorten the life of the workmen. It is 
only a short-sighted economy whit h takes no notice of the retjuire- 
nients of health, simply because the workmen are not engaged for 
life, but only by the week at one particular mine. 'I'o take the 
most sordid view of the question, any condition of work w'hich 
reduces the vigour and longevity of the workmen must increase 
the cost ot labour. 

Spontaneous Combustion. — When anything takes fire 
without the direct apjilication of some pre-existing fire (such as a 
torch or match), it is called sjiontancous combustion. This is very 
( ommon in coal-mines, few districts of the country being free 
from this liability, though it is much more frequent in some 
localities than in others, d'hus, for instance, the thick coal of South 
Staffordshire, the thick coal of South Warwickshire, and the main 
(oalofWest I^dccstershire and South Derbyshire are continually 
subject to the form of sponLaneous combustion called gob fires, 
whilst they occur less trequently in the other seams and districts 
of the counli). I he fire hardly ever originates in the solid mass 
of the scam, but in the gob, which contains slack which has not 
Ijcen thought inarkrt.ible, and portions of the s<.\ain of coal w'hich 
have not been e\lrarte<l, sin h as o\erlying beds of coal and 
•uniierlying l>cds of < oal of inferior quality or difficult to gel. It 
is found that the gob gets hot, so that the temperature of the air 
in mines only 600 feci m depth wall be 70^ though there exists 
no fire in the mine. Sometimes this heat increases locally to such 
an extent that smoke and ultimately flame issue from the goaf; 
the flame, if not extinguished, will soon set fire to the solid pillars, 
and the whole mine be m a blaze. In some cases, however, 
pillars of coal in a main air-way will take fire. The cause of these 
fires is, perhaps, not entirely ascertained, and has been a matter 
of much controversy. It has often l>een stated to be due to the 
decomposition of iron pyritc'S contained in the coal or shale, 
which decomposition, it was alleged, might cause heat and 
ultimately fire. .Another view’ has recently gained ground.* It 
is that coal has a strong affinity for oxy^n, and when it is 
minutely subdivided in ihc shape of dust, it rapidly unites with 

* Profrs-ior Vivian H. Lcwca, on Sjx>nlancoiis Combustion ; British 
Association, 
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oxygen and so gets heated, and this action becomes abnormally 
rapid after a temperature of 100® Fahr. has been reached. Jf 
there is a great heap of it, the heat cannot escape, and the heat 
so gained facilitates the union of oxygen and carbon, so that the 
hotter the heap gets the more rapid is the combustion, until it 
actually reaches the burning i)oiiU, somewhere between 700® and 
900® Fahr.^ The method of de.iting with gob fires is treated 
under the heading of Methods of Working. Coal on the surface, 
if left in large heaps, is apt to take fire, especially if there is any 
artificial warmth near. For inst.tnce, a heap of slack thrown against 
the base of a chimney or the side of a boiler flue would rapidly 
take fire ; in the same w.iy, if a steam-pijK' in the mine were 
covered over \Aith slack, a fire would probably ensue very soon. 

It IS. j>erhaj>s, }>ossibIe that in some tascs the he.al may l>e 
to some extent increased by the pressure of overlying strata on 
small pillars or lumps of coal, the crushing of which may generate 
heat in situations where the heat is not carried away by convection 
or radiation ; some kinds of shale, also, are liable to s]>ontaneous 
ignition. 

Waters. — In sinking shafts water may lie met with that has 
been stored up in the ru<ks for a great length of time, i>crhaps 
fer ages, and which contains in solution mineral matter. Springs 
arc ollcn met with that are pcr{H;tuall)' charged with mineral 
mailer. As a general rule, the w.iier that is punij)cd in a mine 
varies with the raintail in the ilistnci, and only remains a i>criod 
varying from a week to a month m the strata, on its way from 
the field or nver through the strata to the pumps in the mine, 
and consequently ilic water as it rea< hes the pum|>« is not highly 
mineralized. In other minc'* the amount of water is very small, 
and has traversed the strata very slowly intlecd, and has in 
consequence become highly charged. In M>mc mines there is a 
great deal of vdt in the water, anc it is used for medicinal baths. 
In the carboniferous forma turn ihc water is generally impregnated 
with oxide of iron ami with sulphides, in veins containing 
copper the water often contains a great deal of sulphate of cop|*er ; 
this sulphate of copper acts rapudy on iron, so that neither iron 
rails, pi{ies, nor pumps can In: used, but wooti and lead have 10 
Ijc subsututed In mculhtcrous mines it has happened not 
infrequently that large feeders of water have entered the mine, 
not on a direct downward coufH* from the surface of the mine, but 
base deKcndcd by some fissures to a dtqKh much greater th.m 
the mine, and then ascendaJ by other fitsurct into the mine, and 
the water so entering the mine has at quired a temperature due to 

* ha* Ijem ttmufl ifid«fniiwiUr sr a irm^ietattfrt c*f only 

ofid sowMt hyiltucwiticwit intUmc si s miKh Wwef tetn{w«atore thwa cusl. 
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the greater depth, in some cases in Cornwall amounting to 120°; 
this has made the working place so hot that it is hardly possible 
to continue the extraction of mineral In some of the mines 
in the Comstock Lode, U.S.A., the temperature was so high, 
owing to hot springs, that it was necessary to cool the men by 
showers of cold water. 
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CHAPTER X, 

COAL-DUST: DANGERS AND KKMEDIFS. 

It Is now recognized that coal-dust plays a very important pvirt 
in collier)' explosions, but it is only within the last ten years 
that this fact has become generally acknowledged. The Mines 
Regulation Aci» 1887, is the first Act ot Parliament dealing with 
mines in which there is any notice of coal-dusL Five and D^cniy 
years ago the idea that coal-dust was explosive would ha\c been 
generally ri<hculed ; nevertheless, scientific men have always 
recognized that coal-du>t mi’ht l>e infiamed by an exfilosion, and 
so increase the disastrous cfTccts. Some Irench engineers and 
<hemists seem to have l>cen among the first to suspect that coal- 
dust itself might l>e the chief source of damage m a < ollicry 
explosion. As long ago xs 1804, Monsieur Verpillcux lumfored 
a colliery explosion to the fmne of a gun. suggesting that coal- 
dust represented the gunjxmdcr and firedamp the pnming. In 
1872 some mining engineers of St Etienne made notes of a 
colliery explosion in which the chicl explosive agent was jirovcd 
tc be roaI-<]ust, and exjjenmcnts ma<ic by them showed that a 
dense cloud of coal-dust would bla/c with such r.Tpidity as to be 
explosive. In 1875 Monsieur Viiil, mining engineer, published 
an account of cxjK*nments he had made with coal dust, proving 
that It could be instintly ignited with a flame, and would burn 
wnh violence. In 1876 Mr. William (iailoway, mining engineer 
of Cardiff, sent a pajKrr to the Royal .S<Kicty on •*Thc Influence 
of Coal-dust in Explosions.*' llic object of ihu [uper was to 
po^e that coal dust, and not firc-tlamp. was the princuol agent 
m man) disastrous colliery explosions. He ha.s since rontnbutetl 
varioas pajicrs, the effect of which is to show that coakJusl, and 
not fire-slarnp, ii chiefly accountable for many of the great 
explosions. To j^jple acemfomed 10 dusty mmet where owwlles 
and bkzing tampi arc freely used, gtin{)oirder shots discharged, 
and furnaces emj^oyed lot vcniitation, it seems strange to assert 
that coat-dust is exptoitve, whas the expcncnce a lifetime 
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seems to controvert the statc*incnt. If, however, the subject is 
considered, there seems no reason why coal-dust should not 
exi)lode, because a mixture of coal-dust and air has much of the 
same composition as a mixture of fire-damp and air, or as gun- 
powder. The composition of these substances may be stated as 
follows, by weight : — 
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Oxyj^cn 

Nitioj^cn 

rotassiuin 
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W hen gunpowder is burnt or exploded, the heat is produced 
by the union of carl)on with the oxygen ; when fire-damp is burnt 
or exploded, the heat is produced by the combination of the 
carbon and hydrogen with the oxygen ; and when coal-dust is 
burnt, the heat is produced by the combination of carbon, 
hydrogen, and oxygon, 'bhe reason why fire-<iamp and air are 
explosive is that the nature of the gases is such that the particles 
01 cnrburetleii hydrogen edn be mixed with the oxygen, so that 
exceedingly minute particles of one gas are in contact with 
partides of the other gas, and there is nothing to prevent 
instantaneous union between the two gases. In the case of gun- 
* powder, the carbon and sulphur are ground up exceedingly fine, 
and tnen mixed with the saltpetre (which contains the oxy’gen), 
which is also ground very fine, so that each minute particle of 
carl)on and sulphur has a jxirticle of oxygen immediately touching 
it, so that there is no reason why all the particles should not 
bum at once, and this simultaneous burning produces the 
expansion which accompanies the explosion. If the particles of 
carbon and saltpetre, instead of being ground up small, were 
mixed in larger pieces, they would burn if a light was applied, but 
not so rapidly as to produce an explosion. In the same way, 
lumps of coal, when a light is applied, will bum if there is a 
supply of air, but will not explode, because there is no material 
<|uanlity of oxygen in the interior ot the lump ; nor is it possible 
to get a sufficient quantity of oxygen into such immediate contact 
with a lump of coal that there could i)ossibly be instantaneous 
combustion, and in the case of ordinary coarse coal-dust, the 
particles of carbon arc not small enough to permit of instan- 
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atmosphere previously non-explosive becomes explosive when 
mixed with coal-dust. This is sufficient to place coal-dust 
amongst the dangerous elements of a mine, but there is evidence 
to show that coal-dust is much more dangerous than the above 
statement would convey. A commission appointed by the 
German Government made experiments in an artificial tunnel 
on the surface, with various l«nds of coal-dust, with and without 
an admixture of fire-damp, and they succeeded, in at least one 
instance, in obtaining an explosion of dust when there was no 
coal-gas in the mixture. Exjjlosions have also been recorded 
that have taken place in the ho])pers of screens on the surface 
at collieries where tlie presence of fire-damp could not reasonably 
be expected, and which are generally accepted to be coal-dust 
explosions. But the evidence of several colliery explosions seems 
to establish the fact that coal-dust and air are terribly explosive 
without any admixture of fire-damp. 

West Riding. — In October, 1886, there was an explosion 
at the West Riding Colliery, in Yorkshire ; the verdict returned b> 
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Fig. 336, —Well Ridmg Colliery ' vrclion of we^c rha u ro^d, from ortifiM of caplcsion at 
the shots going out bye” (ioward> ihc downcast '»h »iO. 


the jury, after a most careful inquiry, was to the effect that the 
explosion was an explosion of coal-dust ignited by a blown-out 
shot, 'rhe circumstances of the case may be understood by 
reference to the plan of the mine (see Fig. 335), and to the 
section of one of the roadways (see Fig. 336).^ The colliery 
had the reputation of being very well maniged and very well 
ventilated ; it had been worked tor twenty years with naked lights, 
‘ See ** Report of Royal CtMnmission on Explosions of Coal-dust in Mines/’ 
evidence of Mr. W, E. Gaifoilh 
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but safety-lamps had been recently introduced as an extra 
precaution. The evidence showed that immediately before the 
explosion the mine was entirely free from fire-damp in any of 
the main roads or working places. The evidence also shows that 
the main haulage roads had in them a great quantity of coal-dust, 
some of which was of an exceedingly fine character, and when 
stirred up would float in the air in thick clouds. On the night 
of the explosion some men were at work making the west chain 
road wider, and to do this gunpowder was used ; no gunpowder 
had been used on this road for many years. Two shots were fired ; 
after the third shot was fired occurred the disastrous explosion. 
The suggestion is that the two first shots helped to shake up 
the dust, and that the third shot, having a long flame in con- 
sequence of being blown out ** or partially “ blown out/* 
ignited the compound of dust and air. The place of the 
explosion is marked on the plan, and the section shows the 
position of the shots. The section shows that there was no 
cavity’ where gas could lodge. It appears that the men who 
were engaged upon this work w’ere killed by the explosion ; 
but it does not appear to have been very violent at this place, as 
the limbers were not disturbed. At a short distance, however, 
going both “ in-bye *’ and ** out-bye,’* great signs of violence were 
appirent, and the signs of violence were stronger going “out- 
bye '* towards the downcast shaft ; on the way “ out-bye *’ timbers 
were knocked (low n, and great masses of stone fell from the roof. 
About the shaft, survivors of the explosion obser\Td a mass of 
flame ; a great column of dust was thrown out of the top of the 
shaft The effects of the explosion traversed all the main haulage 
roads, except one; but in no case was it observed that the 
explosion reached the working face, and in no case were there 
any effects of an explosion in the return air-road. At the place 
where the shot was fired there was a very powerful ventilation — 
40,000 to 50,000 cubic feet per minute — and it was quite beyond 
experience or imagination to suppose that there could be fire- 
damp at this place ; but even if there were a trace of fire-damp, it 
is imj)ossible to suppose that there was any considerable ejuantity. 
If there had l)een any accumulations of firedamj), they would in 
all probability be near the w’orking-face, because here would be 
cavities in the goaf, not filled up, where gas might easily lodge, 
and here would be gases issuing from the coal, and if there was 
a blower of gas it would probably issue near the face, as, whilst 
there are many records of blowers, there arc no records of any 
except those that have occurred near the fajce. But if there had 
been fire-damp issuing at the face or in the goaf, there would have 
been some evidences of explosion or combustion there ; but. 
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as a matter of fact, there were none. All the evidences of 
explosion and combustion were along the haulage roads, where 
there was fresh air from the downcast shaft and coal-dust Near 


to the face there is not much dust, and what dust there is is of a 
larger kind ; it is on the haulage roads that the dust is the most 
abundant and of the finest quality. It was above stated that the 
explosion extended into all the haulage roads but one ; that one is 
the east chain road (A, Fig. 335) and between that road and the 
west chain road, where the ex])Iosion originated, are the stables. 
The ground near the stables (B) had been wetted by the water 


used in washing the horses ; the explosion did not pass that place, 
whereas, if it l)ad been an explosion of fire-damp, the water would 
have had little or no tendency to anest the ])assage of the 
flame. But the conclusion seems ^ 


to be irresistible : that this 
was an explosion of coal-dust 
without the presence of fire- 
damp. 

Whitehaven.— Some people 
have been under the impression 
that a comparatively small 
amount of fire-damp w’ould pro- 
duce the effects of a great col 
liery explosion. 'This, however, 
is not the case, Messrs. W. N. 
and J. B. Atkinson, inspectors 
of mines, in their exceedingly 



Fi».. '.',7. — Whitehaven Collicn. 


valuable book called “Explosions in Coal-mines” — a work which 


cannot be too carefully studied by all who wish to have a 
thorough comprehension of this question — give an instance of 
a fire-damp explosion at the Whitehaven Colliery (see Fig. 337). 
In this case, a length of say 380 yards (C to D) of heading 
contained an explosive mixture amounting to about 32,800 cubic 
feet,* which was fired, and the effec ts of the explosion w^ere little 
felt or noticed beyond the point A, I he mine was damp, so that 
there was no coal-dust to carry forward the explosion, and as soon 
as the exploded gases emerged fnmi the heading and found room 
for expansion their force was dissipated, and this the more quickly 
because the heat which causes the gases to expand would be quickly 
absorl^ed by the cold surfaces with which the gases would come 


m contact. 

West Stanley. — Another instance of coal-dust explosion 
given by Mes.srs. Atkinson is the West Stanley Colliery. Here 
was a coal yielding a considerable amount of gas, worked pillar- 


* .Mcitrfi. W. N« and J. H. Atkinson, “ Exploidons* in Ctwil- mines.** 
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and-stall Gunpowder was used, and a shot X, shown on the plan 
(Fig. 338), is supposed to have ignited some fire-damp, and as a 
consequence the explosion traversed the whole of the mine, with 
the exception of two districts. The effects of fire were seen in 
both intake and return roads. In the intake, the fire travelled 
back to the downcast shaft; in the return, it did not reach the 
upcast shaft, but stopped at a place in the return road which was 
damp. The flame of the explosion, which had passed along the 
intake air-road to the downcast shaft, turned to the right hand 
into the south district, but did not pass the shaft into the north 
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Fig. 338 — Plan of West .Stantev Colliery. 





district The do\»ncast shaft was wet, and the immediate vicinity 
of this shaft was damp. It thus appears that the explosion was 
stopped in two places by some moisture. If the exj)losion had 
been in gas, it would have passed over the moisture ; but the 
moisture was sufficient to lay the dust, and therefore, if dust were 
the explosive, there was an absence of explosive material in this 
place, consequently the explosion ceased. According to the 
evidence, it is improbable that there was such an amount of gas in 
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the workings as could be detected by ordinary examination with 
an ordinary oil safety-lamp, but it is probable that there might 
have been a small percentage in the atmosphere, and that this was 
reinforced by dust stirred up by the explosion, which was originated 
by the shot igniting, perhaps, some small accumulation of explosive 
gases. This is a case, not of a pure coal-dust explosion, but of an 
explosion rendered disastrousT)y coal-dust. 

Elemore Colliery. — Perhaps one of the most extraordinary 
coal-dust explosions was that which occurred at the Elemore 
Colliery in Durham, in December, 1886. The evidence shows 
that the explosion originated in a main intake haulage road 
within 200 yards of the downcast shaft. It was an old colliery ; 
the road had been made for many years, and there w’as a 
current of 37,000 cubic feet a minute of fresh air passing the 
place where it is said the explosion originated. On the 
night of the explosion some miners were at work enlarging 
the road at the place marked -f on the plan (Fig. 339) and also 
on the section (Fig. 340). Several shots were fired by one shift of 
men, who were relieved by a second shift, w ho fired another shot, 
after which the mine exploded. The evidence seems to show 
that it w’as impossible for the explosion to have originated in any 
other part of the mine. The flame was seen to rush into the 
downcast shaft, and go dowm the shaft and enter a seam of coal 
on a lower level and pass along the intake haulage road, and go 
still further down the shaft and enter another seam on a still 
lower level Everywhere the flame traversed wtakc haulage roads 
for a total length of 3500 yards. There was no explosion in the 
return air-roads ; there was no explosion in the working places. 
The intake haulage roads were dry and dusty, and it is incon- 
ceivable that there could have been fire-damp in these intake 
roads and no fire-damp in the wwking places and returns. The 
conclusion is irresistible that this was an explosion of coal-dust 

Clay Cross. — To go further south, in the year 1882 an 
explosion occurred at Clay Cross, in Derbyshire, and there is little 
doubt that this was an explosion of coal -dust. 

Pen-y-Graig.— At the Naval Colliery, Pen-y-graig, in Glamor- 
ganshire, an explosion occurred in the year 1S80. The explosion 
traversed all the roads and working places in this (see Fig. 341) 
pit, with the exception of one heading A, which was damp. In 
this case the coal jnelded a great deal of fire-damp, and it is 
probable that there would be a small percentage, not exceeding 
2 per cent, in the return air-roads. The pit was exceedingly w’ell 
ventilate<i ; this was easy to arrange, because the downcast was 
at the extreme dip and the upcast at the extreme rise of the mine. 
It would be strange that the effects of heat and violence should 
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have been stronc: in the intake air-roads if it had been a fire-damp 
explosion, and that one heading alone, which happened to be 
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the only damp place, should be the only place that was free 
from the effects of the explosion unless the explosion were one of 
coal-dust 

Lessons. — It would be possible to multiply instances of 
explosions in which coal-dust has played the chief part, and the 
more the subject is studied the more the evidence seems to show 
that a large proportion of the •great explosions that have occurred 
during the last thirty years have been chiefly coal-dust explosions, 
though no doubt in many cases fire-<lamp has played an important 
part either in originating or in assisting the explosion. The 
lesson to be drawn from this fact is that coal-dust must be treated 
with care as if it w^ere gunpowder ; no shot must be fired in any 
dusty places until the dust has been laid by w^ater. The intake 
air-road, which has for so long been considered the safest place 
where naked lights might be waved about and gunpowder shots 
exploded, must now be reckoned among the most dangerous 
places, not simply because it is an intake air-road, but because 
the intake air-road is generally the haulage road Whichever is 
the road along which the coal is hauled will be the dusty road 
and the dangerous road. To remove this danger it is necessary 
to remove the dust Coal-dust may be avoided or mitigated by 
various expedients. One way of not having coal-dust on the 
haulage road is to be careful that no coal is allowed to fall from 
the coal-waggons as they pass along, for that reason the sides and 
bottoms of the trucks must be closely jointed and they must not 
be overloaded, or, if coal does fall off, it must be picked up and 
removed. But there may be coal from the sides and floor of the 
road which might form into dust under the influence of the traffic 
over it Experienc e shows that this dust can be laid and made 
solid if it is damped. 

Dryness of Mines. — The intake air-ways of a coal-mine are 
generally very dry, for the following reasons : A mine in winter- 
time is much warmer than the air on the surface, and in summer- 
time a mine 200 yards deep is as warm as the air on the surface 
in the daytime, and w'armcr than the night air ; a mine 400 yards 
deep is warmer than the air on the surface in the daytime in the 
warmest w'eather in England. When air is warmed its capacity 
for absorbing moisture is increased, and when it is cooled its 
capacity is diminished. Thus if in summer time air passes into 
a shallow mine, say 50 yards deep, the roof of the mine will be 
damj) with water, dejx)sited by the incoming air cooled by contact 
with the colder ground. But in the same mine in winter-time, 
the incoming air being colder than the mine, it will be warmed, 
and the moisture in the roads will be sucked up by the air, and 
the roads will be perfectly dry. In a deep mine the air is always 
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warmed as it enters the mine, and consequently its capacity for 
absorbing moisture is increased; it therefore sucks up all the 
moisture from the surface of the roads along which it passes until 
it is saturated. When the air reaches the newly cut coal at the 
face, it absorbs the damp from this and becomes less dry. It has 
also by that time generally reached the temperature of the mine. 
Such air now proceeds along the yeturn air-roads; it does not 
receive any further increase of temperature, and its capacity for 
drying the roads is less than when it first entered the mine, but 
the main roads along which it has swept are as dry as tinder. 

Methods of laying the Dust— In order to lay the dust, 
one method is by taking a common water-cart along the road, at 
the rear of which is a pipe pricked with small holes, by which the 
roads are watered as in a street (see Fig. 342). Another method 



Fig. V43 — Waier-can : 

Fig. 34^.— Water-cart revulving brush. 


(see Fig. 343) is to have a water-cart, and at the rear is a revolving 
brush driven bygearing from the axles, which spatters water all round, 
so wetting the roof and sides as well as the floor. Another method 
is shown in Fig. 344. In this case a small force-pump is worked 



Fic. 344.— KirkKottie and Lewi»*f patent automatic watenng-tank. 


by the carnage axle, and pumps water through a circular pipe in 
small jets, which strike the roof and sides and floor. Another 
oaethod is to take water down the shaft and along the intake roada 
in pipes, say a a-ioch pipe in the shaft, and 1 3-inch on the level ; 
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a Stand-pipe i-inch bore every 25 yards, and at the top of the stand- 
pipe a small jet (see Fig. 345). The water in the pipes has a very 
high pressure, say from 80 to 250 lbs. on the square inch. Tbe jet 
is exceedingly small, 
as small as can pos- 
sibly be made; it is 
turned in the direc- 
tion of the air-current. 

The water issuing from 
this very fine jet takes 
the form of a very fine 
spray or mist, which 
is carried along by the 
air - current, strikes 
against the roof, sides, 
and floor, and lays the 
dust. This method 
has been devised and 

/Mif hi/ Mr 345 —High-pressure water-spray. i. i 4 -inch water 

Carnea out uy xvir. J 2, jet for spraying water, regulated by screw 3. 

John James Thomas, 

at Ynishir Colliery, Rhonddafach valley, Glamorganshire. Mr. 
'rhomas says (and he is supported by other experienced colliery 
managers who have adopted this method) that the effect of this 
spray on the main road is to reduce the temperature and to lay 
the dust, and there are no ill effects ; the roads are not wet, as by 



a water-cart, and there- 
fore the floor of the 
mine is not injured, 
as would be the case 
if water were put on 
it. The tendency to 
dry rot in the timber, 
so common in dry 
mines, is also arrested, 
and the timl>er lasts 
well. By means of taps 
on some of the water- 



pipes, water can be got Fios 346, 347 — Comprcssed-air waler spray. 
r 1.^1 pipe . a. mam waier-pipe ; 3 » oiixcd )el spray , 4. 

for the ponies, which Ln if pipes, 
is a great advantage. 

At the Dowlais steam coal-pits a system of spray-jets is used in 
which compressed air forces the water out through a small jet, 
making a very fine spray (see Figs. 346, 347)- s ystem of 

water spray-jets has also been adopted throughout the Llwynypia 
collieries; at Harris’s Navigation (Fig. 348) they have 15 miles 
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of water-pipes ; and at other places a similar method is used with 
great success. In fact, the system is becoming common in the 
steam.-coal collieries of Glamorganshire. Another system has 
^ ^ been tried at the Pochin pits, new Tredegar 
Colliery, by Mr. Henry Stratton. This col- 
^ yards deep ; the temperature of 

[ I the return air-course was 63° to 64°. Mr. 

E — 0 Stratton takes the exhaust steam from the 

Fig. — Sprav-jet en- fan into the downcast shaft, thereby raising 
arged ( arri:»), temperature of the downcast air to 63° 

l>efore it enters the mine, and saturating it with moisture from 
the steam, so that it does not extract moisture from the pnine. 
Therefore there is no dust made, and the pit is much pleasanter, 
safer, and healthier, d'his system is ingenious, but it is not 
always possible to carry it out in practice effectually, because 
sometimes in frosty weather the amount of steam necessary to 
saturate the air is such as to cause a mist at the pit-bottom, which 
is inconvenient In some places the dust is bodily removed from 
the pit by shovelling it into waggons. The reader is referred to 
the Mines Regulation Act, 1887, for the rules now enforced 
relating to coal-dust 

With regard to the injury producible by a coal-dust explosion, 
the experience obtained in mines shows that the violence is e.x- 
treme, tossing heavy weights about, smashing waggons, timbers, 
doors, overcasts, blowing cages up the shaft, and otherwise 
destroying whatever comes in its way. But in order to arrive at 
some theoretical estimate of the injury to be ex])ected, it must be 
borne in mind that, no matter how much coal-dust there may be, 
only so much of it can explode as enters into combination with 
the oxygen. But the only oxygen available for an explosion in a 
mine is that contained in the air.‘ Wherever there is a great deal 
of coal-dust, there is much more of it than can be burnt by the 
oxygen in the air in that locality, and it is therefore safe to assume 
that there is always a sufficiency of coal-dust in “ every coal-dusty 
road,” and that the force of the explosion may be measured by 
the amount of oxygen. In this way it has been calculated in the 
case of the Seaham Colliery, which exploded in the year 1 880, that 
the amount of oxygen in the roads showing signs of fire would, 
if exploded with coal-dust, exert as much energy as say 50,000 
lbs. of gunpowder. The length of roads traversed by the 
explosion amounts to 7500 yards in the aggregate, which equals 
22,500 feet If there was an average sectional area of 50 square 

* There may be a good deal of oxygen in the coal-dust, possibly three 
times the volume of the dust, but this will only l)c about ^5 i)art of that 
required for combustion. It may, however, assist in the explosion. 
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feet, there would be 50 cubic feet of air in each length of i foot, 
weighing say 3*8 lbs., of which about 0 87 lb. would be oxygen. 
One pound of gunpowder contains about 40 per cent, of oxygen, 
so that 0 87 lb. of oxygen is contained in 2*17 lbs. of gunpowder ; 
so that, on the assumption that the oxygen causes as much 
expansion with coal-dust as with gunpowder, the effect would be 
as 22,500 X 2*17 = 48,825 lbs. of gunpowder. This rough 
calculation is based on a great many assumptions, and is put 
forward as an illustration, and not as a statement of facts. 


r 
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CHAPTER XI. 

SAFETY-LAMPS 

In the last century coal-mining was a comparatively small in- 
dustry, and the methods of dealing with noxious gases but im- 
perfectly understood ; ventilation was frequently defective, so that 
accumulations of gas were very common. Experience having 
taught the miner the danger to be encountered on entering the 
mine with a candle, it became a practice in some parts to send in a 
man of bold and resolute character, wrapped iiy damp clothes, with 
a light at the end of a pole, with which he could set fire to accumu- 
lations of explosive gases, and thus render the place comparatively 
safe for the collier. These men received the appropriate name of 
“ firemen,’^ a title which is still given to the deputy who searches for 
gas at the present day. Other methods of working in mines con- 
taining explosive gas were attempted, such as the faint illumina- 
tion given by the phosphorescence from the scales of fishes’ skins, 
or the sparks produced by holding a piece of flint against a rapidly 
rotating wheel of steel. 

Several ingenious lamps were tried by Humboldt, Dr. Clanny, 
and (ieorge .Stephenson, but the first thorougidy gf)od safety-lamj) 
was invented by Sir Humphrey Davy in 1817. The Davy lamj) 
now in use only differs in comparatively unimportant details from 
that constructed seventy-five years ago. The principle of the lamp 
is as follow’s : The flame is due to the union of gas — produced by 
heating the oil — with oxygen from the surrounding atmosphere. 
This union will not take place unless the temperature of the 
uniting gases is 1500'^ Fahr. If a gas-flame is brought in contact 
with a cool material, the flame is extinguished, and the gases pass 
away unbumt This may lie tested by holding a wax match 
against a cold poker, when the size of the flame will be greatly 
diminished If, instead of a thick bar of iron, a number of small 
wires, woven into a gauze, are placed over the flame, the gases 
will pass through, but not the flame, because the gases are cooled 
by contact with the gauze- That the gas has passed through the 
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Fic. 349. Gas and gauze. 


gauze may be easily proved by lighting it with a match at the 
upper side (see Fig. 349). That the stoppage of the flame is due 
to the cooling action may be proved by holding one part of the 
gauze in the hottest part of the 

flame until it is red hot, when ^ ,1 

the flame will pass through, s^pd ■, ' ■ " oauzm 

the gas above will burn. ^ ^ 

Davy Lamp. — The Davy 
lamp (see Fig. 350) consists, 
therefore, of an ordinary oil-lamp 
covered with a cylinder of gauze 
about inch in diameter and 7 

inches in length. The top of r.c.349. G«andg,uie. 

the gauze is covered over with a 

second cap. The wires are about 3*^ of an inch in diameter, and 

there are 28 parallel wires in an inch, forming 784 apertures in a 

square inch ; the area of opening is thus less than \ of the area 

of the gauze. Through these openings the air can freely enter so 

as to produce a good flame ; but if gases should enter with the 

air, and, taking fire, fill the interior 

of the lamp with flame, as soon as ^ 

this flame touches the gauze it is 

instantly cooled, and therefore can- 

not pass outside. Should a current ] 

of burning gas be kept against the I 

gauze it will soon get hot, and the i 

flame will pass, and the stronger the I 

current of burning gas the more rapid ‘ ^ ^84 hoI« 

will the heating of the gauze become ; f p. sq. iudi. 

so that, whilst the Davy lamp is safe 

in a place where there is no current 

for a short time, it is unsafe in a 

current or if held in inflammable gas L j 

for more than a few minutes. The j 

time required for the gauze to cool jjhS 9 N|L 

the flame is evidently only a very 

little time ; but if the wires were made 

thinner without being placed closer 

together, the flame would have a fig. 350.- Davy ump. 
less distance to travel in passing 

through the apertures, and less time would be occupied ; and if 
the w'ires were too thin there would not be sufficient time for 
cooling, or, if the flame were projected with great velocity against 
the gauze, there might not be sutficient time to cool it before it 
passed through. Thus a sudden shock, as of an explosion, may 


784 holes 
p. sq. Izich. 


Fig. 350.— Davy Ump. 
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sometimes cause the flame to pass through the gauze. If the 
lamp is suddenly lifted into gases, there will be an explosion in- 
side the lamp ; for that reason the lamp should never be intention- 
ally raised rapidly in a mine. The effect of the explosion is to 
force the burning gases inside the lamp against the gauze. The 
larger the lamp the greater the force of the explosion, and if the 
lamp were too large, the explosion Would force the flame through 
the gauze ; for that reason the diameter of the gauze must never 
be larger than li inch. If part of the gauze is taken away, 
and glass or solid metal substituted, then, in case of an explosion 
inside the lamp, the gases have a less area of opening through 
which to escape, and must therefore go more quickly, and there is 
a danger of the flame being forced through the gauze ; so that the 
proportion between the contents of the lamp and the openings in 
the gauze through which the heated gases may j)ass must be 
observ’ed. The Davy lamp is not perfect for several reasons. It 
Hill freely burn in an explosive mixture until it is red hot, and then 
it will ignite the external gases. The flame readily passes in a 
current exceeding 6 feet a second, and sometimes in a current 

of less speed, even 4 or 5 feet a 
second ; and the light it gives is very 
poor, owing to the fact that J of the 
cover is opaque wdre, and less than J 
opening. The wire pillars that unite 
the lamp top and bottom, together 
with the oil-pot and the top to which 
the suspending ring is attached, also 
diminish the light, so that the illu- 
mination produced by a Davy is 
between tV and 3V of given by a 
standard sperm candle. 

Clanny Lamp. — The Clanny 
lamp (see Fig. 351) is similar to the 
Davy, but there is a glass cylinder 
instead of the lower portion of the 
gauze. The glass cylinder has a washer 
of soft leather, indiarubber, asbestos, 
or other flexible material at the top or 
bottom, so as to prevent a passage of 
air over it A flange at the bottom of 
the gauze cap fits against a brass ring 
over the glass ; the supply of air for the lamp enters through the 
gauze above the glass. The Clanny gives more li^ht than the Davy, 
and can be more easily carried in an air*current without being blown 
out ; it is superior in no other respect, whilst, if an explosion should 
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take place inside, the burning gases, having a less area of gauze 
through which to escape in proportion to the contents of the lamp, 
would be more likely to fire the gas outside than in the Davy 
lamp. Such an explosion of gas inside a Clanny could, how- 
ever, only take place if there was a very small oil-flame inside 
the lamp, permitting the lamp to be nearly filled with explosive 
mixture. If, on the other hand, the flame of the lamp was at 
its full height, a great part of the interior would be filled with the 
products of combustion from the lamp-flame, and therefore there 
would only be room for a small quantity of explosive gas. There- 
fore, if the Clanny lamp is used for testing for gas, it is in the 
first instance desirable to use it with the flame at full height ; if 
this gives no indication of gas, then the flame may be reduced, 
and a more delicate test applied. 

Stephenson Lamp. — The Stephenson lamp (see Fig. 352) 
differs from the Davy in the following respects : The gauze has 
a diameter of about 2 inches; inside is a glass which reaches 



nearly to the top of the gauze ; the top of the glass cylinder is 
covered with a perfjrated copper cap, and it rests upon a brass 
ring. I'he air to feed the flame enters the lamp through a number 
of small holes about 3V diameter (see Fig. 353) in a 

hollow collar; it then passes through the wire gauze, which is 
fastened to the lower flange of this collar. The amount of air 
that can enter the lamp is thus regulated by the size of the inlet 
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orifices. The lamp above the flame is mostly filled with the pro- 
ducts of combustion ; if, therefore, instead of fresh air, fire-damp 
should enter the lamp by these holes and ignite at the flame, the 
oxygen inside is instantly burnt up. For lack of this necessary 
element the flame goes out, so that, should such a lamp be left 
burning in gas, it would quickly extinguish itself. If, however, the 
lamp is exposed to a current of inflammable gas and air, the 
pressure forces a sufficient supply of oxygen 
inside, and the flame continues till the lamp 
is red-hot In a current of from 8 to 12 
feet per second the .Stephenson lamp is 
unsafe. 

Mueseler Lamp. — This is a Belgian 
amp (see Fig. 354), and may be described 
as a modification of the Clanny. There is 
a metal chimney by which the products of 
combustion are conducted to the upper part 
of the gauze cover. There is a horizontal 
diaphragm of gauze covering the lamp at 
the top of the glass, the only opening being 
where the chimney passes through, the gauze 
being tightly fastened to the chimney. The 
air enters the lamp through the outer gauze 
aboNe the glass, descends through the hori- 
zontal gauze to tl)e flame, ascends the in- 
ternal chimney, and escapes through the 
upfxr part of the outer gauze. This lamp 
will burn brightly on account of the regu- 
lated air-current. It is also safer than the Clanny, because the 
entering air has to pass through two gauzes, and the escaping air 
has to pass up a chimney full of burnt air, which cannot support 
combustion, and then through the outer gauze ; and also, if the 
lamp is held on one side, the flame, instead of cracking the 
glass, will go ouL The lamp will go out if held in inflammable 
gas. The Mueseler lamp must always be carried by the ring at 
the top, and suspended in a vertical position. This lamp is 
unsafe in an explosive current of 15 feet a second. 

Marsaut Lamp. — Tlie Marsaut lamp, the invention of a 
well-known French mining engineer, only differs from a Clanny 
in having two gauzes (see Fig. 355) or three gauzes, each gauze 
tending to increase the safety of the lamp. On the other hand, 
the multiplication of gauzes interferes with the supply of fresh 
air to the flame. M. Marsaut was also the first, or one of the 
first, to make a shielded lamp. 

SliiaUied Lampa. — Owing to the discovery that the Davy and 
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other lamps were not safe in a rapid explosive current, it has been 
rendered obligatory by law to use a lamp which will resist a rapid 
current of explosive mixture without allowing the flame to pass. 
In the case of the Davy 
lamp, this has been 
achieved by placing it 
in a tin can (see Fig. 

356). In the bottom of 
the can are perforations 
for the admission of 
air ; in front is a piece 
of glass; the top is 
open, with a handle, A 
screw-lock keeps the 
lamp in its place. The 
Clanny, Mueseler, and 
Marsaut are shielded 
by an iron (tinned iron) 
covering, sometimes 
called a “shield,*’ and 
sometimes a ‘‘bonnet” 

(see I'igb. 357, 358). 

'rhis protects the gau/es 
(rom the air-current. 



yKs — Marsaut 
1 rnp 


Fu. 356. -Tin -can Davy. 


Welbmade Mueseler or Marsaut lamps with this shield will resist 
a current ot 30 leet a second. The shield is sometimes per- 
manently fixed on the lamp. The objection to this is that the 
miner or deputy who examines the lamp in the pit cannot see 
if the gauze is in its jilace or not To meet this difficulty the 
cover is sometimes made movable so that it can be removed 
at will in order to inspect the gauze. In other cases the cover 
Is put on after inspection of the gauze, and is then locked. 
Fig. 359 shows a shield of corrugated metal, which has a spring 
lock. After inspection by the collier and deputy, the cover is 
[)laced over the lamj) and cannot be withdrawn unless the lamp 
IS unlocked and taken to j)ieces, and then, by means of a round 
wooden ram (Fig. 360), the spring is pushed back so that the 
cover can be removed. Many ingenious inventions have been 
made to increase the safety of lamps when exposed to rapid 
currents. 

Evan-Thoxnas Lamp.— The Evan-Thomas is similar to a 
shielded Clanny, hut the brass ring covering the glass is carried 
up some distance outside the gauze, and has a flange at the top, 
'This lamp will resist a very great velocity; the only objection to 
it is that the flame is rather dull. 
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Morgan Lsunp. — The Morgan lamp (see Figs. 361, 362) 
has a metal chimney to improve the draught, and the flame gives 



Flo. 1^7. —Section of Patent 
“ Protector "Muc>clcr \v I'h 
shield. 



^ ir. 3!;* — Shieldc'l l.imp 
(Marsautj. ckvatijiu 



359. — Marcavi with 
patent bonnet «.tccl 
ftprtni; holdtii^' projee* 
tion a ; a, prttjcet ons on 
comi^jatcd l>onn< t, heltl 
m jK>siiii.tv I'v spnt 3, 
slot into w hu h <j)t 
pitched to allf/w bonnet 
ii. taken ttd , 4, cor- 
rugated Uonnci 


a good light. The inlet air enters through three gauzes, and the 
outlet air passes up the chimney and through two gauzes. There 
is a double iron .shield, so that the air cannot 
blow straight through the orifice against the gauze, 
but is dctle^ ted in its jiassage. 'I'liis lamp suc- 
ce.ssfully resisted tests up to a velocity of 53 feet 
a second, and is sufticicntly safe for every practical 
purpose. 

Clifford Lamp.— The Clifford lamp (Fig. 
362J) has a metal chimney terminating with a glass 
bell over the flame ; it also has a double shield, 
the air-currcnt being so deflected in passing 
through as to produce an equal pressure all round 
the lamp. The air passes through a perforated 
compound [date of copper and fusible metal, made 
so that if the lamp gets hot, the melting of the fusible metal 
should close up the air-holes. This lamp has successfully resisted 




)i 


Fig 


Ump. 
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every effort to explode it up to a velocity of more than 100 feet a 
second. 

Protector Lamp (see Fig. 357). — This is a spirit-lamp 
burning a mineral spirit called colzalene, similar to benzoline. 
The oil-i)ot contains a sponge which absorbs the spirit, the loose 



Fici. 361.— Morgan Fig. 362. — Morgan Fig. 363^*.— Clifford 

lump. lamp : scciioii. lamp. 


liquid being poured back into the reservoir. The wick of cotton- 
wool or asbestos does not burn. The protector construction of 
lamp is applied to the Davy, Clanny, Stephenson, Mueseler, and 
Marsaiit lamp.s. The lamp is so constructed that it cannot be 
o[xrned without being extinguished To effect this, the wick-tube 
is surrounded with a brass lube, which is screwed into a brass 
plate which covers the bottom of the lamp below the glass. The 
oil-pot has a long wick-tube screwed inside the extinguisher tube. 
When the lamp has been lightetl, a bolt F is pressed in ; the fork 
at the end of it clasps the extinguisher tube and prevents it from 
turning ; a spring on the l)olt prevents its withdrawal until the 
lamp has l>cen opened. I'he oil-pot can only be withdrawn by 
unscrewing. The W'ick-tube is in that way drawn down within 
the extinguisher tube, and the dame put ouL Ihe height of the 
flame can be regulated by unscrewing the oil-pot for a little 
way. Another lock prevents the lamp from being opened ; this 
second lock is one of the usual kind, and is adopted as a second 
precaution. 


282 


MINING. 


Evan-Evans. — This is an automatic-extinguisher lamp; if 
tlie lamp should get hot, a solder joint is melted, and a spring 
forces down a metal ca]> which closes both the inlet and outlet 
for air in the bonnet, and so extinguishes the flame. 

Wolffs. — This lamp (see Fig. 363) can be lighted without 
opening ; it contains a reel of tape on which explosive composition 
is placed at intervals of about a quarter of an inch. There is a 
spring hammer A, operated by the button B, which strikes the 
explosive composition, the flash from which lights the lamp. The 
lamp is a spirit-lamp, otherwise it would not light by the flash. The 
height of the flame is regulated by the screw S, by which the wick- 
pipe is raised or lowered. This invention is ingenious, but it may 
be doubted whether it is quite safe to use it in a fiery mine ; because, 
if the lamp was extinguished, and subsequently filled with an 





Fio. — WoiflT Jci» coal- 

ing lamp 


explosive mixture, the sudden flash of relight- 
ing, and the consequent explosion of gas, 
might force the flame through the gauze. 
Attached to Wolff’s lamp is a magnetic spring 



Fig ftou at deflector. 


lock. By means of a 
spring a ratchet is 
pressed against teeth on 
the oil-pot, which pre- 
vents it from being un- 
screwed The applica- 
tion of a powerful 
magnet, however, w'ill 
withdraw the ratchet, 
and permit of the open- 
ing of the lamp. 

Craig and Bid- 
ders. — 'I’his lamp was 
fastened with a spring 
lock, to be opened by 
means of a }>o\\erful 
magnet. 

Deflector. — 

.\mnng.st the numerous 


lamps recently designed to meet the requirements of the Mines 
Regulation Act, 1887, is the deflector (big. 364). In this lamp 


there are two gauzes, as in the Marsaut. rhe lower part of the 
gauze ca[>s is surrounded with a brass ring, near the top of which 
arc holes, through which air can enter the lamp. Above these 
holes a flange projects outwards towards the shield The air- 
currest enters through vertical holes in the brass ring covering 
the glass, as shown in the figure, is then deflected downwards by 
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the flange above named, through the gauze on to the flame. The 
products of combustion escape through the upper pan of the 
gauze, and through openings near the top of the shield. 

A. H. G, Lamp. — Another lamp that is used to a consider- 
able extent by deputies, or fire- triers, is the Ashworth-Hepplewhite- 
Gray (Fig. 365). This lamp has a conical glass surrounding the 
flame, the air supplying which is introduced through a gauze 
below the glass, the pro- . — 

ducts of combustion es- v ^ i 

raping through a gauze (7 ' 

cap and metal chimney or 1 \ 

shield above the glass. I j ‘| 1 i 

Four brass tubes extend 5 ^1 i l| l^i 

from near the top of the ^ ! ll 

lamp down to the brass lllj illl l! iP ' 

ring below the glass, so / \| t 1 / I 7 f rfir^T i 

that the air to feed the i=-J|Ai|Ll i! HU I '* 

lamp is drawn from ^ Tl^ Wit I n u I • 

stratum on a level with I W H I j [j 

the lamp-top. So if this | T I H .a \ 1 I • 

upper stratum contains X H t 

gas, it will be detected by JN f Im ! 

lliis lamp. 'I'hiire are, 

however, near the base of ; 

the tubes, openings closed Hcppicuhuc-(.ray i ' 

by sliding shutters, so that ■' 

the lamp can derive its Fjg. 365<».~r)iuo, 

supply of air from a lower 

stratum. The intention of the inventors is that the fire-triers 
shall first test the lower stratum of air, and, if that is clear, close 




Fjg. 365<». — Ditto, 
shielded. 


the openings in the tubes, so as to 
su<'k air down from the top. 1 hey 


also lecommend that the test be 
made without reducing the flame. 

The latest form of this lamp, as __ ' I IQ 

made by Mr. Ashwoith, is shown m ! 

Fig. 3651!. Here there is a shield, so j 

that It can be carried in a rapid WcM Ridinp . din-lamp 

riifT#»nt nf nir ». collar screwing down on to 

currcni 01 ai . vnek-tube with circular 

Many safetj-lamps are now made putc ; 1. packm« between circular 
to burn paraflin instead of rape oil ; 
the burner has to be modified tor 5, pricker, 
this purpose, as shown in Fig. 366, r'..nu™ 

which is a drawing of the lamp used at the West Riding Col le^ 
Thomeburry. — Owing to the small amount of light given 



284 


MINING. 


by safety-lamps, a lamp has been made called the ** Thornebuny 
lamp” (see Fig. 367),^ which burns paraffin. It has a flat wick, 
giving a larger flame than the ordinary lamp. 
There is a double glass, and down the inter- 
mediate space the inlet air descends to a hol- 
low ring, whence it passes through wire gauze 
on to the lamp-flame; a metal chimney secures 
a good draught, and there is a metal shield. 
The entering air has to pass through three 
gauzes, B, A, and the horizontal gauze round 
the base of the chimney, and the escaping 
products of combustion through a long 
chimney and the gauze cover A. 

It would require a volume of consider- 
able dimensions to describe all the lamps 
that have been made, and many of great ex- 
cellence are perforce omitted from this list 
Uses of the Safety-lamp. — One use 
of the safety-lamp is to permit workmen to 
enter a place containing explosive gases 
without getting burnt. Another use is to 
permit workmen to remain in a mine liable 
to sudden outbursts or blowers of gas with- 
out danger of explosion. A third use is to 
enable the fireman to ascertain that the 
mine is free from gas without risk to himself. 
Before the safety-lamp was made, the pre- 
sence of gas was frequently ascertained by means of a candle, the 
flame of which perceptibly enlarges in gas. A very small per- 
centage of fire-damp can be detected with a candle ; but, unfor- 
tunately, the use of the candle is attended with great risk. Wlien an 
ordinary safety-lamp with full flame is placed in air containing fire- 
damp, there is an elongation of the flame, and, if there is a con- 
siderable quantity, the lamp will be filled with the blue flame of 
burning gas. In testing for gas the lamp is generally raised, because 
the gas lodges in the higher parts of the mine, and in cavities which 
are not exposed to the air-current. For a minute examination, 
the flame of the lamp is drawn down until the yellow part of the 
flame is no bigger than a pin’s head. If there is 2 per cent, of 
fire-damp in the atmosphere, a small blue ca[) may be observed. 
In drawing down the flame of an oil-lamp for such an observation, 
it is very likely to be extinguished. The spirit-lamp is more 
convenient for this purpose. By means of a screw, the flame can 

* Instead of the Immcf shown in the figure, a vaw-nhapcd porcelain burner 
(Barlcm^t patent) U now generally used with this lamp. 
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be reduced till there is nothing but a small blue flame about 
I inch high ; i per cent of fire-damp will be rendered visible in 
the shape of a very faint blue cap. Mr. Wm. Galloway, mining 





cf cUrtolcf^redamp. 

Fjg. 368.— niue Clip on Davy lamp ob<crved by W. Galloway in Smith Wales for eight 
mixtures of natural fire>damp and air. Lamp 6ame (reduced) shaded ; bhi* cap 
unshaded ; height of cap given tii inches. 

engineer, of Cardiff*, made experiments as to the proportion of 
air that could be discovered with an ordinary safety-lamp (see 
Fig. 368). The height of blue cap is marked 
in inches. 

Pieler Lamp. — This is a German lamp 
(see Fig. 369), burning a non-luminous spirit, 
such as s[>irits of wine ; there is a shield, a, 
which also protects the eye of the observer. 

When this lamp is put in a mixture of fire- 
damp and air, a very small percentage pro- 
duces a blue cap ; | i)er cent, can be detected 
with this lamp. 

Clowes Hydrogen Lamp. — This lamp, 
described in Chapter IX. (see Fig. 334), is 
specially constructed for the detection of 
small percentages of gas ; \ per cent, can be 
clearly detected. 

Lamp-room. — Whilst it is essential to 
have a lamp of a good pattern, it is no 
less important that it should be taken good 
care of. For this purpose, it is necessary to 
have a good lamp-room, and a sufficient fig. 360.- Picier bmp. 
staff*, in the lamp-room, of cxj'ericnced and 
responsible work-people, so that none of the parts may be 
improperly put together or omitted. With some of the shielded 
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lamps now in use, it is quite easy for the lamp-cleaner to omit 
the gauze, which is essential to the safety of the lamps ; and 
neither the workman who takes the lamp, nor the deputy who 
examines it, can very easily see the deficiency. This makes the 
examination by a deputy a mere farce, and it is obviously wrong 
that that should be the case. To avoid this, it is necessary, where 
such lamps are used, that the lamp* should be given to the collier 
without the shield, which should be put on in his presence, and 
also in that of a deputy or an examiner especially appointed to 
see that the lamp is safe. This precaution involves more expense 
in giving out the lamps than has hitherto always been considered 
necessary, but it is a natural result of the use of shielded lamps. 
In order tliat too much time may not be consumed in giving out 
the lamps at a large colliery, it will be necessary to have a number 
of windows at which the workmen can take the lam[)s, and a 
number of lamp-men to distribute the lamps. Fig. 371 shows a 
design by the author for achieving this result 

Arc Electric Light. — VWis species of electric lamp gives far 
more light for a given expenditure of power than the incandescent 





Fig. 370.— Swan portable 
electric lamp. 


C L £A'N/f^G B£NCH 





riG 371. — Plan of lamp ro«>m A, revolving tables on 
vrhich lamps to be i:»ven out are pl.iced , C, worlcmcii's 
entririccs . X. small t.tblcs on which lamps are put 
together and liandcd to the men. 


lamp ; it is, however, not a safety-lamp at all. It is largely used 
on the surface for lighting up railway suiings and other works ; 
it is also soraetimeb used for lighting up large excavations m the 
pit The author, in 1883, visited the Mechernich Lead-mine, 
where a large underground excavation, 200 Let long, 60 icet high, 
and 70 feet wide, was lighted by two electric arc-lamps, which 
gave a splendid illumination, and enabled the workmen to examine 
the sides and roof for loose pieces. 

Electric Lamps. — Many {portable electric lamps have been 
made ; one by Swan (see Fig. 370). The electricity is supplied from 
a secondary battery, and the lamp will burn all day, giving a light 
of about half a candle; it weighs about 6 pounds. None cf the 
numerous varieties of ix)rtable electric safety-lamps arc yet in 
general use. There are, however, a great many fixed incandescent 
lamps used underground 'Ihese lamps arc essentially safety* 
lamps, as the air is entirely excluded unless the lamp should ba 
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broken. If the lamp were broken in an explosive mixture It 
would cause an explosion, but this is an improbable contingency. 
These lamps are now used to a considerable extent for lighting 
the pit porches, underground engine-houses, and, in some cases, 
engine-planes for long distances underground. The only practical 
danger in their use arises, not from the lamp, but from the con- 
ductors which convey the current ; should these be too near each 
other, the current might pass between them and set fire to the 
timber ; or should there be an explosive mixture, and the wire 
was severed, there would be a spark at the moment of severance, 
wliich would cause an explosion. These dangers may be reduced 
to a minimum by covering the conductors thickly with insulating 
material, and placing the positive and negative conductors at 
opposite sides of the road whenever practicable. Where the 
lamps are placed in parallel,’’ only a low voltage can be used, 
say 100 volts, and there is not much danger of the insulation 
being destroyed. If, however, the lamps are placed in series,” 
then a very high voltage may be employed, with a proportionate 
increase of risks. 

Light . — The value of a safety-lamp depends to a great extent 
on the amount of light it will give, because a good light con- 
duces to the safety, comfort, and c-arning power of the workmen. 
Dr, Court, of Staveley, has* found that miners using safety-lamps 
suffer from a disease of the eyes called nystagmus, whereas those 
using candles do not suffer from it. The writer has made a 
number of ob.servations to ascertain the amount of light given by 
various lamps. It must, however, be borne in mind that the 
light of a lamp varies greatly with the nature of the oil used, and 
the stale of the wick, the cleanness of the glass and gauze, and 
the height of the flame. T'hc illumination given by a candle is, 
from a collier’s point of view, veiy satisfactory. I'here is seldom 
a strong current in the working place, so that the candle does not 
unduly sweal. 1 'he light given by a safety-lamp is only on a certain 
plane, a shade being thrown by the top and bottom, and pillars 
supporting the top ; so that a lamp which, according to a photo- 
metric measurement made opposite the flame, gives a light equal 
to one-third of a candle, may in practical use only give the light 
of one-tenth of a amdle, and it is probable that in many cases 
the light of a good candle is cc[ual to thirty Davy lamps in ordinary 
condition with ordinar)' oil. 

Swan’s portable electric lamp gives a better all-round light 
than an oil-lamp, and is c(]ual to about one-third of a candle on 
that side of the lamp where the light is fixed. 

I'he following table shows the results of a number of photo- 
metric tests made by the author with safety -lamps . — 
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Table XII. 

Lis^hi o f safctv-iamf^ compared with that of a candle. 


Name of safety-lamp. 


Davy lamp, very large flame 
,, moderate ,, 

»i »» ♦♦ ^ , 

,, in tin can, good flame | 9 . — 

,, ,, flame rather j 

If)w ... ... ... ... ... ' 25 — 

Protector, shielded Marsaut, good 

flame ... ... ... - 3 — 

Protector, shielded Marsaut, flame t 

average height .. ... ... 4J 1 — 

Clifford, very good flame lyjj — 

», moderate ... 2} 5 

Deflector, large flat ,, 3 — 

,, meSerate clear flame 5 — 

,, small moderate ,, 6 * — 

Thornelmrry, good flame ..... 5 

Ashworth, new pattern 3j j iij 

S!ej>henson, good flame 74 I 23 

Tallow candle, good average flame . \\ , 

,, liirge blaze ... I — 

The following table gives the weights of various lamps with- 
out oil or wick : — 

Table XI 1 1 . 

IVer^ht of sajcty-lamps unthout oil or wick. 


Name of lamp. Ibv, ots 

Davy ... ... ... ... ... I 10 

Pieler ... ... ... ... ... i 14 

Stephenson ... ... ... ... ... 2 o 

Tin can Davy ... ... ... ... 2 4 

Shielded Mucselcr with reflector... 2 14* 

Howat ... ... ... ... ... 2 15 

Purdy’s ... ... ... ... ... 3 o 

Mo^an ... ... ... ... ... 3 o 

(lifford ... ... ... ... 3 4 

Protector ... ... ... ... ... 3 4 

Marsaut ... ... ... ... ... 3 44 

Clanny, with corrugated shield ... ... ... 3 5 

Deflector ... ... ... ... ... 3 7 

Hiomcburry ... ... ... ... ... 4 2 

Swan portable electric, charged (not made now) ... 6 o 


Number of lamps 
required to equal 
one standard sperm 
candle, the illunn- 
nnted obiect bcinjr 
on a level with the 
flame. 


18J13 average 


Number of lamps re? 
quired to equal one 
standaid Nperme -ir 
die, allowing for the 
shade cast by lamp- 
cover, bottom, and 
pillars. I'hc candle 
and the lamp being 
each in a cylinder 
of white traemg- 

r iper 2 ft. hinh and 
in. diameter. 

19) 

27)26 average 
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CHAPTER XII. 

nL\STING : WATER-CARTRIDGES, FLAMELESS EXPLOSIVES, LIME, 
WEDGING, ELECTRIC FUSE, ETC. 

One of the most useful inventions of modem time is gunpowder ; 
by its use a man can do work upon stone in an hour which 
without it would have taken him a whole day or several days. The 
use of gunpowder is very similar to the use of steam-pow'er ; in 
each case it is the combustion of some inflammable material which 
produces the power, and so relieves the workman of the greater 
portion of the mechanical labour, thus making his employment 
more intellectual. Gunpowder is made in a great many varieties, 
according to the work it has to do. For the purpose of the miner, 
it is often made in grains, about to inch in diameter. In 
this form the explosion is less rapid than in the case of smaller 
grains used for rifles and fowling-pieces ; but, though less rapid, 
it is not less powerful in its ultimate effect The reason for em- 
ploying an explosive less rapid than rifle-powder is to give the 
rocks subjected to its action a little time in which to yield. 
When this time is accorded, the effect of the explosive extends to 
a greater distance from the blasting-hole than would be the case 
with a rapid explosive. 

Fig. 372 shows a case in which a horizontal hole is drilled to 
a depth of 2 feet 6 inches, and charged with powder ; the effect 






FiC. 3M.— Horirontal shot at F«0. Horixontal shot at 

lH>ttom of j#cam. *op seam. 

of this shot is carried forward from the end of the blast-hole to a 
further distance of 5 feet Fig. 373 shows a hole drilled hori- 
zontally near the top of a seam of coal, to a depth of say 3 feet 

u 
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The coal is broken off further in than the back of the hole to a 
distance of i foot, and for a length of 6 feet on each side of the 
blast-hole. Had a more rapid explosive been used, it is probable 
that the amount of coal got down would have been much less, 
whilst that coal immediately underneath the blast-hole would 
have been shattered. Fig. 374 shows a way of blasting down the 
roof of a gate. In such a case, the'' effect of the shot will be to 
break down the roof for the whole width of the gate, and very 
likely for some distance beyond the end of the hole. 

Gunpowder is now frequently used compressed in cylindrical 
lumps with a hole in the middle (see Fig. 375) ; the diameter of 
these cylinders being such as to go easily into the hole. These are 
much liked, as there is no risk of losing any powder, or trouble 
with cartridge-cases, as the compressed powder is itself a cartridge. 
This powder can be made to explode with the same rapidity as 



Fig. 374.— ^hot in gate r<»;ui 



!• IG 375. — Compressed powder. 


ordinary blasting-powder. In hard ground more rapid explosives 
are necessary, because, in the case of ordinary blasting-powder, 
the gases produced by the explosion might escape through the 
fissures in the rock without breaking it ; but in the case of 
dynamite, the explosion is too rapid to permit of the escape of 
the gases, and the rock is burst off. It is also possible to con*, 
centrate a much greater power of explosive upon a hard piece of 
rock by using dynamite ; it is also preferred in wet ground. 
Dynamite is largely used in metalliferous mines, owing to the hard 
nature of the rock. One of the advantages of its use is the saving 
in labour, because only a small hole, say i inch in diameter, is 
required, as against a hole of 2 inches in diameter for gunpowder. 

There are a variety of compounds, somewhat similar to 
dynamite, such as gelignite, blasting-gelatine ; and other ex- 
plosives, such as roburite, carbonite, ammonite, securite, bellite, 
tonite, gun-cotton, etc. Dynamite is a compound of nitro-glyce- 
rine and absorbent siliceous earth, called kieselguhr. Nitro- 
glycerine, which is an oil, was formerly employed by itself ; but 
its use was dangerous, because the oil was liable to escape 
through crevices in the ground. Mixing it with kieselguhr 
makes a compound rather less powerful than the original, owing 
to the weight of useless material added. Blasting-gelatine is a 
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compound of nitro-glycerine and gun-cotton, and is pernaps the 
most powerful explosive in ordinary use. Whilst the use of gun- 
powder is a great aid to the miner, its use is attended with some 
danger where there is fire-damp or coal-dust ; and in most col- 
lieries both fire-damp and coal-dust are to be found in the work- 
ing-places. 

Hand-wedge. — To avoid this danger, many substitutes are 
employed. The most common substitute for gunpowder in coal- 
getting is an iron or steel wedge (see Fig. 376), ^ 

which is used in the following manner. A hole 376.-Wedge 

is made 3 inches deep with the point of a pick, 
the point of the wedge is inserted, and it is driven in with a 
hammer ; when the wedge is driven in, if the coal is not broken 
down, other wedges are inserted until the coal is broken off. 
But the application of a wedge in one part of a great mass 
of coal is apt to break it off in little pieces; in order to 


break it down in large 
pieces, a number of wedges 
should be arranged in a 
row (see Fig. 377), the 
number varying from six 
to twenty, according to the 
size of the pieces of coal 377 — Breaking down coal by hand-wedges in 

, , ^ -r-i 1 • ^ wedgci driven into c<>al : 2 , under* 

broken off. Each miner cutting. 



may drive in two or three 

wedges, striking them alternately, so as to have an equal pressure 
on each. In this way the coal is broken down in large lumps. 
But, in order that a short wedge of this description may be 
effective in getting the coal in large pieces, it is necessary that 
the coal should be hard or tough ; if, on the other hand, the coal 
is lender, the wedge will only break off small pieces near to it. 
l o overcome this difficulty, an arrangement of wedges known as 
the plug-and-feather” is used. An improvement called the 
“multiple wedge,'" patented by Mr. Elliot, is shown in Fig. 378. 
For the use of this wedge, a circular hole 2 inches in diameter 
has to be drilled witli the drilling-machine ; two tapered pieces 
of steel are put into the hole with the thick end first, between 
these two long wedges are driven, and then a third wedge be- 
tween the other two. The effect of this is to bring pressure 
on to the back of ^he hole, and to break down the tender coal in 


large lumps. 

Hydraulic Rams. — Hydraulic machines were introduced 
five and twenty years ago for breaking down coal, but, after being 
in use a few years they have been almndoned. One of these was 
designed by Mr. Chubb. He bored a hole 5 inches in diameter, 



wil 
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Fig 37S.— Llliot\ multiple wedge and ft.iiher. 

water was forced into tlie central cyhntier the rams came out, 
and by their pressure broke down the coal. 

Hydraulic Wedge. — Mn Grafton Jones also patented several 
similar machines and a hydraulic wedge. This wedge, after a 
good deal of experimenting, was finally made in the form shown 
in Figs. 379-386. The drill-hole varied from 2i to 4J- inches 
diameter, according to the size of the wedge. On reference 
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Fig**. 379-386.— Grafton Jon^^ wedge 

to the figure, it will be seen that the wedge is forced between 
two inclined blocks, which move — one upwards, and the other 
downwards — equally throughout their whole length as the w'cdgc 
is forced between them. The blocks cannot recede in the 
direction the wedge is moved, because tension bars hold a steel 
stop at the end of these blocks, so that they are forced to move 
up and down at right angles to the direction of the movement 
of the wedge They and the wedge are of the hardest p<jssible 
steel, polished and greased to reduce the friction. The wtdge 
IS forced in by a hydraulic ram, in a cylinder with an area of 
2 square inches ; that ram is driven forward by the water from 
a smaller ram, the area of which is x square inch. This smaller 
ram is forced along its cylinder by means of a screw ; thus the 
power of the screw is multiplied by two, the difference in the 
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size o£ the rams, and again by the slope of the wedge. How 
much power was absorbed in friction was never ascertained. 
Had there been no loss by friction, the pressure put upon these 
blocks would have reached 150 
tons. The machine was ap- 
plied to breaking down coal 
(see Fig. 387) that was excee 3 - 
ingly strong, and in some cases 
blocks of coal which had not 
been holed were forced out of 
the solid (see Big. 388). An- 
other hydraulic wedge was Fig. 387.-Wedging-machine. 

patented by Messrs. Bidder 

and Jones, and was for some time used at the Harecastle Mines 
in North Staffordshire. 

These hydraulic machines w^ere, some of them at any rate, 
capable of breaking down any coal ; but they were not largely 
used, partly on account of the first cost, partly on account of the 




cost of the labour required in drilling the hole, and partly on 
account of the labour required in pumping, so that they could 
neither compete with gunpowder nor with the old-fashioned hand- 
w edging. If steam-power in some form had been applied to the 
drilling and pumping, they p.— - 
might have been more sue- 
ccssful. / 

Hand -drilling Ma- [ I 

chines.— Various machine*^ 
were used for drilling the (\\\^ 
holes. One of these, de- r \ ,ag., 

signed by the writer in ^ ^ ^ ^ ^ 

1869, is shown in Fig. 3S9. ' .P^.-Dnllmg-machine. 

The drill is a piece of 

twisted steel, the twist clearing the hole of dust ; it is fixed on to 
the end of a long screw, which passes through a nut fixed to an 
upright standard, A longitudinal key-bed Nvas planed the length of 
the screw. Over the screw was put a small bevel wheel, a projecting 
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key from which fitted into the bed on the screw, so that when 
the bevel wheel was turned the screw had to turn with it, and 
therefore it advanced through the nut. Two handles, arranged 
so that two workmen could work at once, gave movement to the 
bevel gearing ; sometimes a small fly-wheel was used to help on 
the work. With tliis machine a hole could be bored by one man 
in soft coal on the “ bord ” with h^dly any conscious effort, and 
with great speed ; but when boring in hard coal the labour was 
severe. It was also hard to bore a hole on the **end." Since 
this machine has been made, many others have been introduced. 
One of these, known as the “ villepigue perforator (see Fig. 390), 
has been considerably used. It is not so suitable for the coal 
fice, because the handle for turning the sciew is at the end of the 



^ c jjcrf >rat«r Frr. 191. --Ditto nui. K If.. 392. Ditto nut and breakh, 


screw, and it fre(|uenily happens that there is no room at the coal 
face for siic’i a machine to work. The nut in which the screw 
advances is made, as shown in Figs. 391 and 392, by the teeth of 
two of the whecLs, which are kept from turning by a brake strap 
on a wheel (Fig. 392). If the drill encounters a hard lump, the 
wheels forming the nut wall turn, so that the advance of the drill 
is stopped until the hard lump has been slowly scraped aw^ay, 
when the drill will again advance in the softer ground 7'his 
machine wall readily bore holes in ordinary coal-mcasure shale, 
and will Ixire a hole i inch in diameter in exceedingly hard shale. 
Another variety of hand-drilling machines is shown in Fig. 393. 
In this machine the screw advances through a nut which is held 
firm by an iron bar, cither curved or straight, one end of which 
is in a hole in the coal. 

lime ProcesA. — Another plan of gelling down the coal was 
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patented about eleven or twelve years ago by Messrs. Smith and 
Moore; this is known as the lime process (see Fig. 394). When 
quicklime is mixed with water it rapidly heats and swells, and 
steam is given off; this expansion and evolution of steam was 



Fig. 393.— Hand-drilling machine 



Fig. 394.— Lime process of breaking down coaL 
I, lime ; 2 , tamping ; 3, water-tap and pipe. 


used to produce the j)ressure required to break down coal that 
had been holed or undercut. The hole was drilled about 2 } 
inches in diameter, and into this were placed cartridges of 
compressed lime. The lime used was of the purest kind ; it was 
ground to a fine powder, and then compressed by means of a 
hydraulic ram into cylinders about aj inches in diameter and 
inches long. Seven of these cartridges, occupying a length of 
2 feet 8 inches, were put into one hole. Each cartridge had a groove 
moulded in it ; a small metal tube was placed in the hole fitting 
into this groove. The lime cartridges were then stemmed with 
clay as if for a blast of gunpowder ; at the outer end of the tube 
was a tap. Al>out half a dozen holes would be charged simul- 
taneously at a distance of five feet apart, and then by lueans of a 
force-pump a little water would be forced down each tube, and 
the tap instantly closed. In one or two minutes the water has 
taken effect upon the lime, and the pressure is brought upon the 
coal. This process was tried in mines in most districts of the 
country and abroad, but it was only found to be effective where 
the coal was easily broken down. Miners were not ver)’ favourable 
to its use, because quicklime is injurious to the skin, and, if the 
tamping should be blown out, a man might be injured by the 
escape of the lime and steam ; and it was difficult, also, to keep 
the lime from getting mixed wath the coal. These causes, together 
with the expense, have hindered the adoption of the process. 

Air-shelL — Another ingenious process is the air-hhell. For 
this a hole is driMed in the coal, and into it is pushed a cast-iron 
shell iii inches long, 3^’^ inches diameter outside, and 4 inch 
thick. Attached to this shell is a strong tube which comes 
outside the hole, and is connected with a pump. The hole is 
closed by careful tamping. The pump is capable of compressing 
air up to a pressure of 10,000 lbs, on the square inch, or more, 
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until the cast-iron shell was burst ; the bursting of this shell breaks 
down the coal. In order to avoid the labour of compressing the 
air with the hand-pump, it was intended to compress the air on 
the surface with the steam-engine into very strong steel cases, 
which would then be carried down the mine and connected to the 
shell ; by opening the taps the pressure would be suddenly 
brought into the shell to burst it » In this case the cost of the 
cast-iron shell, apart from the other expenses of the process, 
would probably be enough to prevent its adoption. 

Water - cartridges. — In the year 1882, October 9, Mr. 
McNab read a paper at a meeting of the North Stafford Institute 
of Mining Engineers on “ A Means of extinguishing the Flame of 
a Gunpowder Blast,*' so that it might be safely used in a coal-mine. 
Mr. McNab's method was to place the cartridge of gunpowder 
inside a case full of water, and he suggested that the water extin- 
guished the flame. Further experiment however, showed that this 
was not always the case. Attention being called to the subject, it 

was discovered that with 

some other explosives the 
water did extinguish the 
flame. Cartridges of dyna- 
mite or tonite, etc., were 

placed in the centre of a 

Fig. :»05— Water-cased cartridge, i. Umpin^ ; W'aterproof bag (sCC Fig. 

2, uAier .surrounding cartridge; 3, dynamite with witor nnH 

c.*rtndgc and detonator; 4, elcctnc vnres i^or 395 / “1160 Wlin WaiCr, ano 

firing ; 5 hoUng. upon explosion the force of 

the cartridge was found to 
be at least as effective as if there had been no water, and it was 
thought by some people that the water increased the useful effect 
of the explosion, whilst at the same time no flame could be ob- 
served. It is considered that a high explosive used in a water- 
cartridge is safe. It appeared, however, to be possible, if not 
probable, that the water might escape from the bag before the 
discharge of the shot, which would then be dangerous. To over- 
come this difficulty, Messrs. Heath and Frost invented the use of 
a soapy jelly which could not run out of the bag, and which was 
quite as effective as pure water in stopping the flame. Many 
other means of stopping the flame have been used ; one described 
by Mr. William Hargreaves in a paper read before the Midland 
Institute. In this case, a material (Trench’s compound) com- 
posed of sawdust soaked in some chemical (aqueous) fluid was 
put round a cartridge of tonite, with the result of killing the flame. 

Flamelets Explosives.— -Other inventors turned their atten- 
tion towards the discovery of a flameUss explosive, so that water- 
cartridges and other flame-kUlinz devices should be unnecessary. 
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One of these, called roburite, has been very largely adopted, and 
is now manufactured on a large scale in Lancashire. A great 
number of experiments have been made, showing that it could be 
discharged into an explosive mixture of fire-damp or coal-dust, or 
both combined, without inflaming them, and that when fired in a 
pit no flame could be observed. By others it is, however, alleged 
that flame has been observed. • However this may be, there is no 
doubt that the amount of flame is very much less than in the case 
of the admittedly flame-producing explosives, and it is considered 
safe to use this explosive where gunpowder would be dangerous. 
Various other flameless explosives have been made : carbonite, 
ammonite, and others, the use of which is now permitted where 
gunpowder would be forbidden. Some of these explosives 
require careful handling. For instance, roburite is poisonous, 
and, if handled, should not be allowed to come into contact wdth 
the skin ; the fumes are also injurious, and the workmen should 
not return to the place after a shot until the ventilation has had 
time to clear them away. 

The rules to be observed in blasting, in order to keep within 
the provisions of the Mines Regulation Act, 1887, must be taken 
from the general rules, but the following is a summary of some of 
the principal provisions 

The scraper and rammer must be of brass or copper, or must 
at least have a brass or copper end. 

The pricker (if used) must also be of brass or copper. 

No coal-dust must be used in ramming the shot, but such 
materials as clay and shale. 

The ex])losive must not be forcibly pressed into a hole of 
insufficient size ; and when the hole has been charged, the explosive 
must not be unrammed ; and no hole should be bored for a charge 
at a distance of less than 6 inches from any hole wffiere the charge 
has missed fire. 

An explosive should not be stored in the mine, and it must not 
be taken into the mine except in cartridges in a secure case or 
canister, and containing not n»ore than 5 lbs., and a workman 
must not have more than one of such cases or canisters in one 
place at the same time. 

In any place where the use of locked safety-lamps is for the 
time being required, or whicli is dry and dusty, no shot should be 
fired except by a competent person specially appointed for the 
purpose, w'ho must examine the place and all contiguous accessible 
places within a radius of 20 y.irds before firing the shot. 

In cases where, at either of the four inspections last recorded, 
inflammable gas has been found in the same ventilating district, 
then the shot must not be fired unless the place where the gas 
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was found has been cleared of gas, and there is not sufficient to 
be a source of danger; or unless the explosive employed in firing 
the shot is so used with water, or other contrivance, as to prevent 
it from inflaming gas, or is of such a nature that it cannot inflame 
gas. 

If the place where the shot is to be fired is dry and dusty, 
then the shot should not be fired, unless the place of firing and all 
contiguous accessible places within a radius of 20 yards from it 
are, at the time of firing, in a wet state, or have had a thorough 
watering in all parts where dust is lodging, whether roof, floor, or 
sides ; or, in places where watering would injure the roof or floor, 
unless the explosive is so used with water or other contrivance as 
to prevent it from inflaming the gas or dust, or is of such a nature 
that it cannot inflame gas or dust ; but if the dry and dusty place 
is part of a main haulage road, or is contiguous thereto, and 
showing dust adhering to the roof and sides, unless the place shall 
have been not only wateied, but a flameless explosive used ; or 
where either the water has been used, or the water-cartridge and 
flameless explosive only, and all the workmen have been removed 
from the seam in which the shot is to be fired, and from all seams 
communicating with the shaft on the same level except the men 
engaged in firing the shot, and such other persons, not exceeding 
ten, as are necessarily employed in attending to the ventilating 
furnaces, engines, machinery, winding apoaratus, signals, or horses, 
or in inspecting the mine. 
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CHAPTER XIII. 

I’OWER DRILLS AND HEADING MACHINERY. 

All underground works, whether sinking, driving levels, tunnels, 
or excavating masses of rock or ore, where the rock or mineral 
is very hard, require the use of power drills for economical work. 
The necessity for such drills was forced upon the engineers of the 
Mont Cenis tunnel five and thirty years ago. Before these were 
adopted, the progress of the tunnel was very slow ; with the use 
of these machines, the speed of from 8 feet to 13 feet in twenty-four 
hours was attained, h^or this work Sommeiller’s drill was used ; this 
was a large and heavy machine, not often seen nowadays. Since 
that time a great number of excellent machines have been made, 
of which one or two specimens are here described ; but at the same 
time, it must not be supposed that the prominence given to these 
machines indicates that they are any better than the others not 
mentioned. One of these, called the climax drill (see Figs. 172, 
173), has a cylinder say from 3 inches to 4 inches in diameter, 
stroke of the piston about 4 inches ; a tappet on the piston-rod 
gives movement to an oscillating slide-valve ; there is no cushion 
of air to jirevent the drill from striking with full force. Fig. 396 



Fig. 3!)6.“- R»o Tiuto power drill. 

shows the Rio Tinto drill ; a tappet on the piston rod gives movC' 
ment to a piston slide-valve by means of an oscillating lorked lever. 
The Darlington drill (see Fig. 397) has no valves; the piston is 
very heavy’, and as it moves, opens and covers the ports. The 
Minera drill also has no valves, and has a double piston. These 
valveless drills work very quickly and safely ; the piston is cushioned 
at each end of the stroke, and therefore there is a tendency to 
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Strike a gentler blow than in the case of drills which have valves 
and not so much cushioning for the piston. In all these machines 
the feed is by hand ; that is to say, the miner turns the screw which 
causes the machine to advance along the slide, which is carried 



Fig. 397. — Darlington drill : section of cylinder. 


on a tripod stand or fixed bar. The number of blows struck is 
say from 400 to 600 a minute; the dirt is cleared from the 
holes by a jet of water and the movement of the drill-rod ; holes 
may be bored to a great depth by changing the drill* bar. The 
machines above named are not Intended to bore holes much more 
than 6 feet in depth, and from i inch to 2^ inches in diameter. 
When the machine is fixed, the boring may be done at a speed 
of from 2 inches a minute up to 9 or 10 inches a minute in granite. 
To bore a hole 3 feet deep in fifteen minutes, including changing 
the drill-bar, would be good work for ordinary practice ; it would 
very likely take two hours for three men to bore the same hole 
by hand. 

I’he drills are driven by compressed air at a pressure var)'ing 
from 30 to 60 lbs. per scjuare inch. As a rule, the machine is 
placed on a tripod stand as shown in Fig. 172, and where the 
rock is hard the stand does not move ; if, on the other hand, 
the ground is soft, the feet of the stand may move, and then 
the drill is apt to get jammed in the hole. For tunnel work 
the machines are sometimes fixed on a cross bar ; a similar 
arrangement is sometimes used for sinking. For rapid work in 
driving levels, the machines are fixed on an iron carriage (see 
Fig. 398). Two or four machines may be carried on this carriage, 
according to the size of the tunnel When the requisite number 
of holes have been drilled, the machine is rolled back along the 
rails to a safe distance until after the blasts have been discharged 
and the dirt cleared away. The compressed air that drives these 
machines is useful for clearing out the smoke, and, if the mine is 
hot, for cooling the heading. Where every arrangement is made 
for sj>eed, from 30 to 50 yards of heading may l)c driven in one 
week, where by hand it would have been difficult, with every 
exertion, to drive 6 yards a week. In ordinary mining work, 
however, great speed is not usually obtained, because of the 
capital required to provide the requirite machinery and the extra 
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nf to three times 

ot hand-labour is usually considered sufficient 
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Fig. 398 —DnlK on carriage. 

Rotary DriU8.-^A carriage carrying two rock-drills is shown 
in Pig. 399. These drills are rotary, as m hand-boring machines 
with a twisted steel auger; revohing motion may be given froni 



any source of power, such as a compressed air-motor, hydraulic 
motor, or electrical motor. A novel way of driving these drills 
is by the oil-engine, which is placed on the carriage, and a belt 
from the fly-wheel gives the required rotar>' movement to the drill. 
'I'hc \yriter has seen one of these machines drill a hole in Cleve- 
land ironstone at the rate of one yard in one minute. It was 
driven by water-pressure. 

l^nneling Maohlnes. — Machines have been made for 
driving levels w'ithout the aid of explosives ; one of these, called 
Brunton’s, was set to ivork in a slate-quarry in North Wales. The 
l)ower was conveyed to the machine by a wire rope, and this gave 
movement through gearing to a revolving head of iron ; on it were 

* The long horizontal arms carrying the drills ami balance-weights are 
shown broken to re<luce the length of the drawing. 
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placed steel discs with a sharp edge on the periphery. These 
discs cut away the rock, and a circular tunnel was made 4 feet 
6 inches in diameter in a hard slate rock. As there was no blast 
to shake the ground and leave loose projecting pieces, a tunnel 
made by this machine in such ground requires no lining to make 
it safe. Another machine, invented by Colonel Beaumont, shown 
in Fig. 400, was used for the exploring heading for the Channel 
tunnel, which was driven in the chalk under the sea near Dover. 
A revolving head carried steel teeth which scraped away the chalk, 
the fragments of which were carried to the rear of the machine, 
and thus cleared away. The chalk is a very suitable material for 
such a machine, being so soft that it can be cut with a penknife, 
whilst, on the other hand, it is sufficiently tough to stand without 
lining. The diameter of the heading was 7 feet, and the rate of 
advance when in actual work | inch per minute, which is equal 
to 3 feet an hour ; this rate, of course, could not be maintained 
for long, having regard to the numerous stoppages necessary 
for the adjustment of the machine. The above machine was 
driven by compressed air. Another and similar machine, but 
much stronger, was used by Colonel Beaumont in tunneling 
under the Mersey, between Birkenhead and Liverpool, cutting 
a circular heading 7 feet 4 inches in diameter, and advancing on 
an average 17 yards a week, with a maximum of 34 yards a week ; 
but, afterwards improved, it attained a speed of 54 to 65 yards a 
week, whilst the speed of driving by hand a heading 10 feet by 
8 feet in the same rocks was from 10 to 13 yards a week.' The 
rock in this case was a sandstone of the New Red formation. 
Colonel Beaumont also used a similar machine at one or two 
other tunnels in different rock. A somewhat similar machine has 
been patented by Messrs. Stanley (see Fig. 401) for driving in 
coal ; the machines are made suitable for driving tunnels either 
5 feet, 6 feet, or 7 feet diameter as required. These machines 
have a revolving head, on to which are fixed projecting teeth or 
cutters upwards of 2 feet long, which cut a circular groove about 
3 inches wide, leaving a solid block of coal in the centre of the 
heading. As the boring head revolves, it is automatically advanced 
from the frame by a screw. After boring the depth of the teeth, 
the centre block is broken off ; the frame, which is carried on two 
centre wheels, is then advanced a length of 2 feet, and the boring 
recommenced. All the time that the machine is working, men are 
engaged in throwing back the fragments of coal cut out of the 

• The machine was inspected by the author whilst at work, but the |>ar- 
ticulais of speed atUtned arc taken from a paper read at the Inst, Civil 
Engineers, May 4, 1886, on the “Mersey Tunnel,” by Mr. Francis Fox. 

mXc.e. 
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groove, and portions of the centre block then break off. This 
machine will work at the rate of 3 feet an hour ; the average speed 
of heading attained is usually much less, but that is simply a 
matter of cost and organization. A speed of from 30 to 50 yards 
a week has been obtained in practice. The engines are driven by 
compressed air. By the use of these machines the shattering effects 
produced by gunpowder are Avoided, and in some cases the head- 
ings will stand secure. The size of head- 
ings driven, however, is in many cases 
too small, and two machines have to be 
employed side by side (see Fig. 402), 
the cuts from which leave a little centre 
rib at top and bottom, which has to be 
got down. The head may be also widened 
in the manner described in the chapter on 

‘‘ Opening Out’' Owing to the nature of beds of coal, fire-clay, 
and shale, the headings cut by these machines do not always stand 
without timbering, for which extra height may have to be got 
down. Where it is necessary to advance a pair of headings with 
great speed, and the ground is not too hard, there is no doubt 
that this machine will do good service ; on the other hand, it must 
be borne in mind that if a heading is driven in fiery coal, at the 
rate of 20 yards a day, the amount of gas encountered may be un- 
usually large, and require careful ventilation. The compressed air 
used for driving the machines will suffice to clear the heading, but 
the manager must remember that when this compressed air is shut 
oflf, from any cause, the heading may be rapidly filled with fire-damp.* 

Messrs. Stanley have recently introduced a new form of their 
heading-machine, in which the coal or stone is all cut up into 
little pieces, so that the fragments can be gathered up, and carried 
behind by means of machinery, and thus the advance of the 
machine may be continuous ; and they claim, for this reason, for 
the new machine twice the speed usually averaged with the 
annular groove machine. 

Electric Drills. — Some electric power drills have been 
recently made, and were exhibited at the Frankfort Exhibition 
of 1891 ; one of these was the application of an ordinar}' motor 
to gearing, the movement of a crank being used to lift the drill, 
the blow being struck by the force of a spring. Another used the 
solenoid, by which a reciprocating movement is given to a bar of 
iron. As these have not yet come into general use, it will be un- 
necessary to give a further description. 

* As it is undesirable ever to ha\c an accumulation of fire-damp, it is 
necessary to provide for the ems/an/ ventilation of the heading independently 
of the cuUing-nmchinc. 
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CHAPTER XI\. 

COAL-CUrriN'G MACHI.VtRV. 

Perhaps the most arduous part of the work of a miner is 
holing or undercutting, called “ kirving in the north of England. 
In order to get the coal, it is frequently necessary to cut away 
either some of the lower part of the seam or some of the under 
clay for a distance of from i foot up 
to, in some cases, 8 feet, under the 
coal 'Fhe height of the excavation so 
made varies from 1 2 inches up to 2 feet 
6 inches at the face, tapering down to a 
^ couple of inches at the back (see Eig. 
Fic.403,-Secuonofho!.ng. 403 )- This Undercutting is sometimes 
done only for a short distance, say 2 
yards, in the case of stalls in pillar-and-stall mines. One side 
of the stall is then nicked, and the other side of the piece of coal 
that has been holed is broken down by a shot Sometimes the 
whole width of the stall is holed at once. 

In longwall stalls it is customary to hole a considerable length, 
say from 10 yards up to as much as 100 yards. Usually the 
holing only extends the length of onc half the stall, say 20 or 30 
yards. During the process of holing, the coal is sup|)ortccl by 
sprags 6xed at intervals of not less than 6 feet When the sprags 
are withdrawn, the coal often tumbles down. 'Fhere arc generally 
joints in the coal parallel to the cleavage, and oihcrs at right 
angles to the cleavage, and if the holing is made as far m as one 
of these joints, there may be nothing to [ircvent the coal from 
falling when the sprags are withdrawn. In other cases the coal 
sticks to the roof, and has to be either cut, wedged, or blown 
down. The holing is sometimes done in dirt above the seam 
of coal, and sometimes it is done in the middle of the seam, 
especially where the seam of coat is divided by a band of dirt. 

it is a long time since inventors first began to attemf)t to make 
machines to do some of the work usually done by the collier tn 
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the mine. Out of the great number of coal-cutting machines the 
following are some of the most notable. 

Flrtb^s. — This machine (see Figs. 404-406’) is worked by 
compressed air. An iron carriage on four wheels has an engine 



I u* 404 —Plan of Firth's pict machine 


cylinder 6 or 7 inches in diameter; the piston-stroke is 12 inches 
long, and by means of a short lever turns a vertical shaft through 
an angle of 120®. Fixed upon the shaft is a steel pick, the point 
of which is about 3 feet distant from the centre of the shaft. As 
tlie engine moves, this pick strikes against the seam of coal. It 
can be so adjusted vertically as to work in the right place. The 


i«g 405 



4 4 ) 

r IG 405.— Firlh h pick machine . suic eloati n hiG 400 —Ditto . end clexation. 

valve is worked automatically by tappets on the piston-rod, but if 
the engine stops, or if the pick does not cut a full stroke, the valve 
can be worked by hand. The pick, which weighs 75 lbs., strikes 
74 blows a minute. The point of the pick is a small piece of 
liardcncd steel fixed into the end of the pick ; when it is blunt, it 

* Proceeclingb Mechanical Engineers : Mr, Fernie’b paper. 
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can be taken out and another one substituted in a minute or two. 
The wheels of the carriage are connected by a side rod, and by 
means of a hand-wheel and bevel gearing the carriage-wheels can 
be turned and the machine advanced. 

The miner causes the machine to advance as fast as the 
machine can cut a slot in the coal The height of the slot is 
about 3 inches, and this pick will undercut for a depth of 2 feet. 
The holing done has to be made deeper than this, so that, after 
the face of work has been holed to a depth of 2 feet, a longer 
pick, 4 feet 9 inches from the centre of the vertical shaft to the 
point, and weighing 90 lbs., is put on. This pick strikes in the 
slot already cut at the rate of 60 blows a minute, and cuts an 
extra i foot 9 inches under, making altogether 3 feet 9 inches 
under. 

If it is necessary to make a deeper holing, a third pick, 6 feet 
long from the centre of the shaft to the point, is attached. By 
means of this the holing can be deepened another 15 inches, 
making the holing 5 feet under. Where the holing is not very 
hard the machine works at a great pace ; in twenty-four hours, 
continuous working, 257 yards have been holed 3 feet 6 inches 

under. The machine will 
also cut in very hard 
ground, but at a reduced 
rate. 

Gillott and Copley’s. 

— I'his machine (see Fig. 
407) is similar to the last, 
in .so far that it is driven 
by compressed air, and is 
carried on a carriage with 
four wheels running on 
rails parallel to the face 
of work. It has, how- 
ever, a pair of cylinders 
each inches in dia- 
meter, with a stroke of 9 
inches. The.se cylinders, , 
by means of gearing, give movement to a revolving disc or 
wheel, on the periphery of which are fixed 20 steel cutters or 
picks. The speed of the engine is reduced by 5 to i. This 
machine cuts a groove 3 inches deep. At the start, the groove 
has to l>e cut by hand for the wheel to enter. The pressure of 
the air used is about 40 lbs. It holes between 2 and 3 feet 
under, and will do 144 yards in sixteen hours of moderately hard 
holing. 



f iG. 407. — Gillott and Copley ’ j* coal-cutter. 



COAL-CUTTING MACHINERY. 


309 


Winstanley’s. — Winstanley’s machine (see Fig. 408) differs 
from Gillott and Copley’s in this respect, that the cutting-wheel is 
carried on a movable arm, by which it can be held against the 
coal so as to cut its way into the seam, and so save having to 
make an entrance by hand-labour. It is driven by a pinion with 
very large teeth, which gear into large teeth on the periphery of 
the cutting-wheel ; into these taeth are fixed the steel cutters. By 
this arrangement, as the lever carrying the cutting-wheel is 
moved it revolves round the pinion, which is always in gear. 
Diameter of cutting- wheel over cutters, 3 feet 9 inches; it holes about 



\ IG. 4o3.~Winstanlcy\ coal-aitter. 


2 feet 3 inches under ; two oscillating cylinders 9 inches in diameter 
and 6-inch stroke make 150 revolutions a minute. When all the 
cutters are sharp it will cut i square yard in a minute, with air at 
a pressure of 25 lbs. ; but the average speed in moderately hard 
coal is about 8 square yards an hour. The space occupied by 
the machine is 3 feet wide by 7 feet long and i foot 10 inches high. 
The cutting-wheel, however, requires a width of 3 feet 8 inches 
in which to move without the cutters. T his machine has done 
good w*ork, but the writer is not aware that any are in use at flie 
present time. 

Rigg and Meiklejohn’s. — Rigg and Meiklejohn's (see Fig. 
409) is similar to Gillott and Copley’s. The total height of the 
machine is only 16 inches, so that it will work in a ver>' thin bed. 
There are a pair of cylinders 8 inches in diameter and 12-inch 
stroke ; the cutter-wheel, 4 feet in diameter, has twelve cutters. It 
cuts 3 feet 6 inches under, and is self-propelling. When the cutters 
are sharp, it will cut i square yard in li minute ; where the coal 
is hard, it will hole 5 square yards an hour on an average. 

Baird’s. — Baird’s machine (see Fig. 410), instead of a 
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revolving wheel, hs-s an endless chain passing round a jib, and 
cutters attached to the links of the chain have been used« 

Bower and Blackburn’s.— This machine has a revolving 



Tig 40Q — Rigg and Meiklejohn’s coal cutter. 


arm or bar (see Fig. 41 1, elevation, and Fig. 412, plan) instead 
of a revolving wheel. 180 cutters are fixed on to this bar, which 
revolves at the rate of 500 revolutions a minute, holing 3 feet 

6 inches under, the 
groove being about 4} 
inches deep. In eas) 
ground it holes at a 
great rate, as much as 
16 to 18 yards an hour 
Like all other machines, 
it works much more 
slowly in hard ground. 
The motive power in 
this case is an endless 
rope passing round pul- 
levs, as shown in the 
plan ; this is ingenious. 
Electric Coal-cut- 
ters. — A modification o( 
this machine is to substi- 
tute electricity for the 
rope. The armature of an electric motor is fixed on the cutter- 
bar, causing it to revolve at a great speed. 

The writer has seen all the above machines at work, as 
well as others, many times during the last twenty-five years, having 
made a special study of coal-cutting machines. 

Hanison’s. — The Hamson coal-cutter (see Figs. 413 and 
414) IS an American machine, and is like a rock-drill. It is 
made in two sizes; the heavier machine, 700 lbs. weight, will 
undercut 4^ feet. The cutter attached to the piston-rod strikes 
rcjHrated blows against the coal, making its way in. The machine 
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is carried on two wheels, and when working is placed on some 
boards so that it can be easily turned. A workman sitting 
behind it can direct the cutter to any portion of the seam he 
desires. By moving the 

drill, he cuts away all the ^ 

coal within reach, which is > n 

a segment of a circle. W\ 

then moves the machine on / « , , rJliiLA 

the boards, and subsequently ^ "If 

moves the boards also, so as 
to carry the cutting along 

the face. The machine is Fic. 41 1—Bowcr and Blackburn’s coalcutter: 

. , . elevation. 

driven by compressed air, 

and takes two men to work it, one man guiding it, and the 
other removing the fragments broken off by the cutter. 

Yoch. — The Yoch machine is similar to the Harrison ; it is 
driven by an air-pressure of 50 lbs. ; the cylinder 6-inch diameter, 
12-inch stroke. It is said that it will undercut from 60 to 70 
feet in length to a depth \\\\v\v \\\\^\\\\' 

of 4 or 5 feet in a shift 

of nine to ten hours. It ^\\^^s£cr/0R oecott^ 

weighs 1200 lbs. Two ^ 

men are required to - . 
work it. 

The advantage of ^ ^ 

these small machines is 
their portability and the 
ease with which the 
cutter can be directed 
to that portion of the 

seam where the holing - — 

ought to be made. Fic.412. — Ilowcrand Ulackburn’s coal-culter : plan. 

Hydraulic Ma- 

chinea-— An ingenious machine was made about five and twenty 
years ago by Carrett and Marshall, and was thoroughly tested. 
It worked by hydraulic pressure, and had a slotting action. It 
was held in its place by a hydraulic jack, which jammed it tight 
between the roof and floor at each stroke ; but the practical 
difficulties in the way of its use caused its abandonment. 

Non-use of Machines,— It is thirty years since the pick 
machine was first introduced. Gillott and Copley’s, Winstanley s, 
Baird’s, and others, were brought out more than twenty years ago, 
but comparatively little undercutting is done by machinery. 
The difficulties in the way are various. Working places are often 
so well filled with packs of stone and with props that there is no 


a-m-i 


Fic. 412. — Ilowcr and Blackburn’s coal-cutter : plan. 
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room for a machine to pass along the face, whilst there is plenty 
of room for the miner. When the coal has been got down in a 
longwall face, rails are laid along it for the waggon into which the 
coal is filled ; but as soon as all the coal has been sent out, the 
rails in ordinary course are pulled up, and their place occupied 



F:«j 413. — The Harri'v>n C'>al-cuucr .tt work. 


with packs and props. But if a coahcuiting machine is to be usctl, 
then the packs and props must remain at least 4 or 5 feet back 
from the face, and in some seams the roof may break down. 
Whatever precautions are taken, the roof is liable to break down, 
and if a machine is there it may be buried, and some expense 
has to be incurred in digging it out. It is also difficult to adjust 



Fig. 414. — Longitudinal section of the Harrison coal-cuttcr. 


the machine to cut in the dirt underneath the coal. In cases 
when the holing is more than 3 feet under, machines are cumbrous, 
and w’hen it is from 5 to 8 feet, machines arc not suitable. 

Coal-cutting machines have been chiefly used where the 
holing was in a bed of dirt about 18 inches above the botiom. 
There is a difficulty in moving heavy machines from one working 
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place to another. These difficulties have made the profit of work- 
ing coal-cutters in many cases so doubtful as to deter coal-mine- 
owners from incuning the outlay of capital necessary for their 
use. In some cases where holing is done in the dirt by manual 
labour, the collier is able to pull out the fire-clay in large lumps 
instead of hacking it all to pieces ; this saves a great deal of 
labour. The machine cannot do this, but has to cut the holing, 
whether it is dirt or coal, to dust. 

Electrical Machinea— Great expectations were raised 
by the introduction of electricity, but hitherto electrical coal- 
cutting machines have made but small progress. It is probable 
that the use of coal-cutting machines will be reserved for places 
where the holing is exceptionally hard, and for very thin seams of 
coal. 
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CHAPTER XV. 

TIMBERING: WOODEN AND STEEL BARS AND PROPS. 

The timber used varies with each locality according to the price 
of each particular kind of wood. On the eastern sea-board of 
England, Norwegian and Baltic fir are almost exclusively used ; 
in the Midland and western counties this is used together with 
English timber, such as larch, oak, etc. In South Wales a good 
deal of pine of a heavy kind is imported from the south of France, 
which is used in addition to other kinds. English larch and 
French timber are generally used with the bark on, Baltic has 
generally but little bark. Where, owing to the nature of the 
ground, the bars will have to bear a heavy weight, round trees are 
used from 6 to lo inches in diameter^ (see Fig. 415) ; and where 
the weight is shght, the trees are often sawn down the middle, the 
flat side being placed against the roof (see Fig. 416). Square 




timber is used sometimes, similar to railway sleepers. Steel bars 
are often substituted for wooden ; they are sometimes supported 
by wooden props, and occasionally by steel props (see Fig. 
417). They are often fixed in the stone sides of the road, 
and sometimes are carried by brick walls. The bars generally 
employed are girders, similar to those used for ordinary building 
purposes, as this form will sustain the greatest pressure for a 
given weight of steel A rolled steel girder can be bent, but 
can hardly be broken ; it is therefore a very safe kind of bar. 

* Roughly squared hewn trees are also UHe<l, 
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But steel rails are liable to snap and fly under a breaking load, 
and it is therefore not so safe to use rails for bars. The steel 
is very much more costly, varying, according to the circum- 
stances, from twice to six 
times the cost of the timber. 

But it is no more costly in 
labour to erect, and, when* 
erected, will generally endure 
much longer. There are 
many places where steel 
bars once fixed would form 
a permanent support, be- 
cause they will not decay ; whilst, in the same place, a timber 
bar would rapidly decay, and within twelve months would have 
to be replaced, the labour of replacing being more costly than 
the wood replaced. In such cases there is a manifest economy 
in the use of steel. In roads which only serve a temporar)’ 
purpose wood is to be preferred ; and in roads where, owing to 
the excessive pressure or the unusual tenderness of the strata, 
bars, whether of timber or steel, will be rapidly broken or bent 
out of shape, timber is also probably the cheaper. 

The usual way of fixing a bar on to props is shown in Fig. 415. 
1'he diameter of bars used for the timbering in mines in this 
country varies from about 3 up to 12 inches; occasionally, no 
doubt, bars of greater diameter are used The timber for props 
also varies in this country from about 3 inches to about 10 or 12 
inches in diameter. In some mines, however, which the writer has 
visited, much thicker timber is used ; for instance, in the Calumet 
and Hecla Mine, on Lake Superior, timber props are set 3 feet 
in diameter. 

In order that a bar may not be easily knocked off the prop, 
it is generally tightened by a w^edge at the top ; sometimes the end 
of the bar is notched and the prop also, as shown in Fig. 418. In 
other cases an iron spike is simply knocked into the bar in front 



Fig. 417. — Props and bars, steel, i, steel bars 
2, steel props with rounded ends. 



Fig. 418.- Props and Fic 419 — Props and Fio. 490 , — Props in heading, 

bars, notched. b.irs, spiked. 


of the prop, as shown in Fig. 419. In many cases props only are 
used, as shown in Fig. 420 ; in other cases props are dispensed 
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with, as shown in Fig, 421. Fig. 422 shows a cross-section and 
longitudinal section of a timbered roadway. It will be seen that 
over the bars are placed poles or planks, going longitudinally, and 
over these the space is filled up with dirt, so that there may be 
no cavity above the timber in which gas can accumulate ; and the 



Fig 4J!i — tiars in heading 


Fig. 4^2.— Section*; of limbered heading 


roof above is also held securely in position. Lagging is some- 
times laid at the sides of the props to pre\*ent pieces falling off 
between. At the working face the collier must protect himself 
with sprags under the coal, and with props and sprags against the 
front of the coa^ and with chocks, as shown in Fig. 423. 'Fhe 



t IG. 423. — Timbering working f.ice P, props ; cog , M, 
cockermeg ; S, ‘Vprag. 


reader is referred to an excellent book by Mr. A. R. Sawyer, on 
“Accidents in Mines,” of which the writer has made some use in 
preparing this chapter. 

Props must be fixed nearly at right angles to the inclination 
of the seam, but in steep seams the props should be inclined a 
little to the rise of a line at right angles to the dip, say 2 "" or 3®, 
as is shown in Fig. 424 ; because the tendency of the roof is to 
move towards the dip, and if the prop were fixed originally at 
right angles, the movement of the roof might loosen it, but if it is 
fixed slightly inclined towards the vertical, the movement of the 
roof towards the dip tightens the prop. The prop is lightened 
with a wedge at the top driven in with a hammer ; this wedge is 
sometimes called the lid. If of small dimensions, it merely serves 
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to tighten the prop ; but if, instead of a wedge, a strong cross- 
piece 2 feet long is fixed, and that again is tightened with a wedge, 
the prop, by means of this cross-f)iece, supports a larger area of 
roof (see Fig. 425). The roof 
should be so supported by props 
and lids that any unseen joints 
may be covered ; otherwise acci- 
dents occur through stones fall- 
ing out along lines of fault or 
other joints which could hardly 
be observed. Instead of, or 
rather in addition to, props, 
cogs or chocks are often placed. 

These consist of pillars of 
timber made ofi cross-pieces, 
each about 2 feet long and 5 
inches square, of hard wood (see 
Fig. 423). These may be pulled 
down and rebuilt Cast-iron 
props, as shown in Fig. 426, have often been used; in some 
places, wrought-iron or steel props are used. 

In the working places props have frequently to be withdrawn, 
and, to avoid accidents, this must be done with great care. If 
the prop is very fast, a temporary prop may be erected beside it 




Tjc 435 —Props and large lid. P, props , L, lids , S, sprag ; 
T, strut 


to sustain the roof while the workman is cutting loose the other 
prop ; then both the jirops may be withdrawn by ropes or chains, 
the workman going to a safe distance. A method of drawing the 
props commonly used is by means of a lever and chain (Fig. 427). 
The chain is fastened round the prop to be withdrawn, and the 
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lever rests against a sound prop. In some cases a rope (see Fig. 
428) is made fast to the prop to be drawn and to several sound 
props. Then the workmen, pulling the rope sideways, throw a 
great strain on the loose prop, and so cause it to be withdrawn. 
A prop that is fast may be loosed by means of a tool called a 
jobber (see Fig. 429), with a handle about 7 feet long. 

Many colliery managers consider that props should be with- 
drawn, not merely for the sake of saving the timber for future use, 
but to facilitate the regular subsidence of the strata behind the 



F ic. 427.— Ringer and chains and tooU. 


face, and in this way diminish the likelihood of a weight coming 
on to the working place. 

When a bar across a road has been broken or bent by the 
weight, if it were withdrawn the roof w^ould fall ; therefore 
additional bars or liners must be placed on each side of the 
broken bar before it is withdrawn. In this way the workmen are 
protected and the roof is kept up. When the roof has crushed 
down the bars for some considerable length, and it is necessary* to 
restore the road to its original height, if the bars are drawm, a 
great deal of loose shale may fall, and it may become an expensive 


^ 7r • SAr s f££r ^ 

Fig. 439. — Jobber 

and dangerous job to re-timber the road. In such a case the 
w'riter has successfully used hydraulic jacks to raise the bars, sub- 
sequently setting new props and bars without letting the roof fall. 
Screw-jacks have also been used for the same purpose. 

The need for careful propping is shown by the accidents 
occasionally happening for want of props, either because the 
unsupported area was too large, or because of joints, faults, and 
“pot-lids.” Accidents have also happened owing to want of 
sufficiently careful calculation as to the weight carried by bars at 
a place where two main roads cross. In this case the bars of one 
road have to be carried on two bars forming a bridge across the 
roads at right angles. The weight on these bridge bars may be 
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excessive. Great care has to be taken not only that they are 
sufficiently strong at the beginning, but that, in changing them, 
sufficient temporary props are fixed under the bars of the other 
road resting upon them. 

When a heading is driven in quicksand, piles are driven in 
advance in a horizontal direction, similar to the method used in 
sinking shown in Fig. 189. It is not often that this has to be 
done, but it is not unfrequently the case that in driving through 
soft ground boards have to be driven in diagonally on the roof 
and sides, to prevent the earth from running into the excavation. 

Figs, 430 and 431 are from sketches made by the writer in 
Saxony ; they show in plan and elevation a heading in a thick and 


nt£ t/roN tttN6s A£iSL sicnoM to los to Tffi YAftO 

^los. 430, 43t. — Sections of heading in coal, vnth iron nngs and wood polmg 

lender seam of coal. Wrought-iron rings are placed at intervals 
of about 2 feet. Between these rings and the coal very small 
polings of fir are placed, forming a complete lining of timber. 

Another method of timbering is shown in Fig. 432, a sketch 
by the writer at a colliery in the north of France. In this case 
iron bars bent in the form of a horseshoe, weighing about 25 lbs. 
to the yard, are [)laced at intervals of about 2 feet These bars 
are in section shaped like a girder weighing 25 lbs. to the yard. 
The space between them is filled up with i|^-inch planks, which 
fit against the webs of the iron bars between the flanges, making 
a smooth and strong lining for the roadway, which is 7 feet wide. 

Timbering is liable to be destroyed in the following ways : 
First, by decay ; in warm and dry mines this is very rapid, the 
timber being sometimes destroyed in a few months. It is said 
that this decay is arrested by damping the air with spray-jets. In 
many places, especially in very wxt places, the timber will some- 
times endure for generations. 

Bars are often broken by a combination of pressure on the 
centre of the bar from the roof, and on the ends of the bar from 
the side. In order to prevent this end pressu^^e from breaking 
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the timber, care must be taken that the bars arc kept free at the 
ends; this in some mines involves continual cutting away of the 

shale which squeezes in. , ^ i • . j. 

Rules for Strength.— The strength of a is in direct 
proportion to its width j thus a bar i a inches wide is twice as 
^ Strong as a bar 6 inches 

- y-:~ - ^ wide. The strength of a 

I — 4 — rectangular beam is in pro- 
^ portion to the square of the 

I ^ — depth. Thus, if there are 
W equal width, one 

Bi ^ B 6 inches deep and the other 

qI 1 i ■ inches deep, their pro- 

Jl- — portional strength is as 

* 12® : : 36 : 144 ; or as 

^ ~~ I to 4. The longer the bar 

the weaker it is ; thus^ a 
12-foot bar is only half as 
K 0 ^ y strong as a 6- foot bar. 

7 FT Thus if a bar is 6 inches 

‘ wide and 12 inches deep by 
^ -r;T^ rf’’ ^ between sup- 

;)r^^ ^ ports, it will bear twice the 

plan weight in the centre that a 

- ^ W U bar 12 inches wide and 6 

Fig. 432.— Method of supponing a roadway. i, inchcS deep and 8 fcCt long 

h«dofr”t= ’■ ’• would bear, and twice the 

load that a bar 6 inches 
wide, 12 inches deep, and i6 feet long between supports would 
bear. 

A bar supported at both ends will bear twice the load in the 
centre that it will bear if only supported at one end. If the load 
is distributed equally all along the bar, it will carry twice the weight 
that it will bear if the load is all in the centre. If the two ends 


Fig. 432. — Method of supponmg a roadway. i, 
foot of rail ; 2, between rails ; 3, 

head of rail 


of a bar are very firmly built in for a length of at least i8 inches 
and held tight (on the top and bottom), it w'ill bear half as much 
again as it would if the ends were loose with distributed load. 

The strength of beams is given in “ Molesworth’s Pocket- 
Book by the following rule. Rectangular beams — 

W = breaking weight at centre of beam supported at both 
ends, in hundredweights. 

B = breadth of beam in inches. 


D = depth „ „ 

L = length „ „ 

K - coefficient, varjring with timber used. 
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K = for yellow pine, lo; for red pine, 13 ; Memel, 12; spruce, 
12 ; English oak, 15. 

(N.B. — These strengths as given in Molesworth do not agree 
with those given by Unwin, and they must be regarded by the 
student rather as indications of differences in strength than as 
correctly representing the exact relative value of various timbers.) 

„ , 4KBD* 

Li 

Example . — Let B = 6, D = 6 L=:72(6 feet), and K = 10; 
then — 


W = 4 ^?^* _ 4 J< 10 X 6 X 6" 

L ~ 72 


120 cwt, or 6 tons 


This rule may be simplified when K = 10, as follows : — 
W = breaking weight in tons ; then — 


W = 


2Br)= 

L 


This is easy to remember, as most of the figures are 6’s. Thus, 
beam 6 inches wide, 6 inches deep, 6 feet long ; breaking weight, 
6 tons. 

Rule for strength of round beams is given by Molesworth as 
follows : — 



V = 47 R*. 

R = the radius, or half*diameter, of the log in inches. 

The following example shows how the rule is worked : — 

Let K = 10, as in the foregoing example ; let the diameter be 
8 inches, the radius 4 inches, and L be 72 inches ; then — 


^V = 


4 X 10 X 47 X 4' 
72 


1 67* I cwt. 


or, roughly speaking, an 8-inch bar 6 feet between the supports 
will require a load of 8 tons in the centre to break it 

It will be seen that this rule agrees approximately with some 
results obtained by testing mining timber with the 1 00-ton testing- 
machine at the Yorkshire College. The tests were made by Pro- 
fessor Goodman and the writer upon bars of ordinary mining 
timber in their ordinary condition before use, as taken from a pile 
out of doors. The results are shown in the following table. A 
simple rule for the breaking weight of round beams is given in 
the last column. 


Y 



Tarle XIV. — I'lMUER Tests. 

The following were tested as beams, an<l were loaded in the centre on a flat iron saddle lo inches long, the ends being 
free and supoorted on j-inch semicircular blocks, sinootli and free to turn, the span being measured from centre to centre 
of these bU>cks. The tcsl-picccs consisted of round timber bars neither hewn nor sawn, but just as grown and cross-cut, 
the oak witliout bark. 
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The strength of rolled steel girders of H section (see section, 
4*7) be calculated by the following rule : — 

W = breaking weight in tons. 

X = tensile strength of material in tons per square inch. 

A = area of one flange (either top or bottom) in square inches. 
1 ) = depth of girder from^top to bottom in inches. 

L ~ span in inches. 

Then W . ifL2L^ 


For rolled steel joists, x = 25 tons,^ and 4^: = 100 tons. 
The safe load in structures is J of the breaking load, or for rolled 
steel girders the safe load is say 5 tons p^r square inch. There- 
fore the formula for a safe load for a girder supported at both 
ends, and all the weight in the centre, and ends free, would be — 

20 X A X D 


To take an example : Let A = 5 inches x i = 2^ square 
inches, let D = 6 inches, and L = 72. 

100 X 2i X 6 

Then the breaking load = = 20*83 tons 

. , , r 1 1 20 X X 6 . 

And the safe load = 4*10 

If the load were distributed evenly throughout, the girder 
would safely sustain double the above load, or 8 tons ; and if the 
ends were built in very firmly to a length of at least 18 inches, 
with a heavy load on them, and the load distributed, it* would 
' bear 50 per cent, more, or 12 tons. 

The following table gives the breaking load and safe load of 
rolled steel H girders 


Table XV.— Sfekl Girders as Bars. 


Description of 
joist in list. 

Area 

of 

flange. 

Depth 

of 

girder 
from 
top to 
bot- 
tom. 

CalcuKited breaking load 
(tons), load in centre, ends 
free, for a span of 

Calculated safe load (tons) 

1 for a permanent structure, 
load in centre, ends free, 
for a span of 

70 in. 100 in. 150 in. 

200 in. 

. i 

70 in. ^100 in. j 

150 in. 

1 

300 in. 

Depth. Width. 

3 in. X 3 in. 

5 in. X 3 ill. 

6 in. X in. 

8 in. X 6 in. 

10 in. X 6 in. 

xi-in. 

0*75 

0*90 

8*50 

3-00 

3*54 

in. 

3 

5 

6 

8 

to 

i 

3*31 3-35 1*50 

f>-43 4*5‘> TOO 

21*43 i5'«> 

^4*38 84*00 i6*oo 

50*57 1 35*40 ) 33*60 

X*12 

3*35 

7*50 

18*00 

17*70 

1 

0*64 1 0*45 
188 0*90 
4»a8 i 3*00 
6*85 4*8o 

10*11 7*08 

1 

1 

0*30 
o*6o 
3*00 ! 

3*ao 1 

4*7* 1 

1 1 

0*33 

0*45 

1*50 

3*40 

i‘54 


_J to 30 i*. perhaps, nearer the figure, but 25 tons is within the mark. 
For wrought iron, 4r » 20 tonji. 



MINING. 


324 

In order to determine the strength of timber props, the writer 
procured a number of specimens of oak, larch, and Norway props 
of the size and condition commonly used in mines. These were 
put in the testing-machine, and subjected to an end pressure till 
they crushed. The results are shown in the table on the 
following page. 

It will be noted that there does not appear to be any serious 
difference in the strength of the three kinds of wood as tested 
but the oak props were not so straight as the larch, and the larch 
was not so straight as the Norway. It will also be noted that the 
7 -feet j>rops crushed with a less weight than the 4-feet props, 
and these again with a less weight than the 2-feet props. The 
weight that would be required to crush a prop longer than 7 
feet can be ascertained roughly from the above tests by 
calculation. Assuming that the long prop was quite straight, 
it is probable that the crushing load will not fall much below i ton 
per square inch, if the length does not exceed twelve times the 
diameter. 

Professor Unwin, in his book on ** The Testing of Materials 
of Construction, quotes experiments by Professor I^anza, accord- 
ing to which the crushing strength of posts 7 to 10 inches in 
diameter, 1 2 feet long, and 2 feet long, of yellow pine, was very 
nearly 2 tons per square inch. It is probable that this was an 
excellent quality of seasoned timber. Professor Lanza also made 
tests of posts up to 30 feet in length, from which it appears that 
a yellow pine post, of which the length is fifteen times the 
diameter, requires a crushing load of ij tons [)er square inch; 
and with a length from thirty to forty times the diameter, the 
crushing load is ton per square inch; and with a length 
fifty to sixty times the diameter, the crusliing load is J ton 

per square inch. With w’hite pine the strength is less. With 

a lentil ten times the diameter, the crushing load is 1^ ton 

per square inch ; and with lengths from ten to thirty-five 

times the diameter, the crushing load is about ton ; while 
with lengths forty-five to sixty times the diameter, the crushing 
load is about 0*44 ton per square inch. The |)crmanent or 
safe load is, of course, much less than the loads above given in 
all cases. 

It would seem, from the various observations above recorded, 
that the strength of a straight prop or strut is in some measure 
proportional to the relation between length and diameter, and 
that a prop 12 inches in diameter and 12 feet long will bear 
approximately as great a load per square inch as a 6-inch prop 
6 feet long. The relation of the ratio of the length and diameter 
of props and the crushing load per square mch^ as worked 



Table XVI.— Particulars of Timber Tests. 

The test-pieces consisted of round timber props, neither hewn nor sawn, 
but as grown and cross-cut, the ends not squared, the oak without bark. 

The following were tested as struts as follows : at the top and bottom of 
each prop a piece of board about J inch thick was placed, to give a level 
t>eddiiig, the compression was appli^ through flat and level iron plates at the 
lop and bottom, the prop being vertical. 


De»-cription 
of timber. 


Oak ... 


Ash 


Larch 


Norweg fir 



Girth in feet. 

Crush- 

ing 

load. 

Sec- 

tional 

area. 

Crush- 
ing load 



Centre. 

A end 

l^ind 

per 
sq. in. 

ft. 

7 

in 

o 1 

i ‘55 

1*41 

1*67 

tons. 

32*90 

sq. in. 
27*33 

tons. 

1*20 

7 

oi 

1*79 

1*79 

1*88 

50*00 

38*48 

1*29 

3 

6* 

1*66 

1*75 

1*66 

44*01 

32*17 

1*37 

3 

6 

1*63 

1*71 

1*64 

42*25 

31*17 

1*35 

3 

6 

1*57 

1*62 

1*49 

40*15 

28*27 

1*42 

3 

5 * 

1*66 

X *62 

1*75 

36-51 

32*17 

1*13 

3 

ok 

1*00 

thin bark 
0*94 1 1 *CXJ 

17*14 

10*75 

1*59 

3 

8 

0*96 

thin bark 

1 \ K ) ' 0*92 

18*29 

10*75 

1*70 

2 

7 

0*3 

thin bark 
0*78 0*8 j 

8*67 

7*54 

I 1*14 

7 

td 

1*68 

1*84 

1*62 

31*71 

33*18 

1 0*95 

1 

7 

o 

1*59 

1*52 

1*75 

31*17 

30*19 

1*03 

7 

o 

1*93 

2*06 

.•83 

50*00 

43*00 

i*i6 

6 

lit 

i*6<) 

1*54 

1*67 

24*61 

... 

0*84 

b 

Ilk 

2*15 

1-92 

.■78 

45*33 

44*17 

1*03 

4 

ok 

1*29 

1*22 

1*17 

1 20*f>6 

17*34 

ri9 

4 

o 

1*19 

1*10 

1*20 

20*79 

X 5 * 2<3 

.-37 

3 

f) 

»*97 

1*97 

1 * 9 '' 

46-95 

43*00 

1*09 

i 

6 

1 ^ 

1*99 

1*91 

59*04 

i 44 *i 7 

* 1 

? 

6 

1*07 

1*65 

1*64 

43*47 

‘ 31*17 

i*J 9 I 

3 

5 * 

»*93 

2*03 

1*84 

t 

' 41*10 

i 43*00 

0*95 

3 

c>t 

1 *09 

I *06 

1*09 

21*57 

: 13'ao 

1*63 

a 

ok 

1*15 

1*13 

1*20 

20 * I 5 

15*2^' 

1*72 

a 

o 

1 

1*09 

II5 

24*56 

j 14*52 

1*69 

6 

ll 

no, 

1*57 

bark 

i *-^3 

x*66 

1 

40*72 

t 

' 28*27 

J 

1*44 

6 


1*64 

1*76 

1*60 

35*57 

< 32*16 

1*10 

5 

lit 

X *62 

1*56 

1*^*6 

34 - 4 <> 

30*19 

1*30 

3 

7 * 

foi 

0*97 

rio 

17-77 

11*94 

1*49 

3 

7 

I *.>7 

I'll 

i*iM 

Iti'ivri 

13*20 

1*22 

3 

i ) 

i*i I 

t'lS 

I*<jO 

’ 17-<X> 

X 1*85 

1*27 

I 3 

o 

1*22 

:-24 

1*19 

25*22 

, i6*6i 

1*52 

1 

! a 

Ilk 

X'iS 

no bark 
1*20 

114 

i 

18*24 

15*90 

1*14 

1 

1 a 

Ilk 

1*2» 

no bark 
I'-'S 

i*i 3 

16*75 i 

1 r6*6i 

1*01 

! ® 

Ilk 

x*i7 

1*20 

I'lS 

23*3^ j 

1 15*90 

1*46 

i a 

If 

1*25 

1*2$ 

1*^3 

30**3 ' 

18*09 

1*66 

i 

a 

If 

no 

1*39 

bark 

1*26 

1*30 

, 33*4 

18*85 

1*77 

1 9 

*1 

no 

i*t9 

bark 

1*31 j 

x’afi 

1 3**38 

18*85 ' 

1*66 

1 * 

1* ' 

no 

1*35 

barK 1 
1*33 

i’a6 

1 1 

3**70 , 

18*09 

1 

i 1*75 


Remarks. 


Crushed at A end. 
F'aiied in middle 
Failed between 
middle and H. 
Crushed at middle. 
Crushed at A end. 
Failed in middle. 


Failed by bend- 
ing ; bent and 
restraightened. 

Failed between 
middle and A. 

Load on some 
minutes ; prop 
gradually failed. 

Slight initial bend. 

Failed beiwcen 
middle and H. 

Crushed at A end. 

Failed by bend- 
ing ; bent and 
re straightened. 

Crushed at H end. 

Failed in middle. 

Failed in bend- 
ing ; bent and 
restraighiened. 

Failed in middle. 

Failed at A end. 

Failed in middle. 

Wet ; failed at A 
end. 


Failed at B end. 


Cut 

1 Failed in 

from 

! middle. 

same 

1 Failed at 

piece. 

1 B end. 

Cut 

from samo 


piece t failed 
at A end. 
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out from the Yorkshire College tests, is 'given in the following 
table : — / 

Table XVII. — ^Timber 'Props. 


Table showing average crushing load per souare inch for each kind of 
wood and each length, and also the ratio of the length to the diameter of the 
average of the samples of each kind and length. 



Eng. oak 1*24 ,13*02 — — — — f 1*31 6*6 1 — — I -- — 

,, ash — — — — — — I — — lt '47 10*28 — — 

,, larch 1*00 12*40 — — i *23 10*5 1*19 s‘80 — — | i*68 

N >rweg. 

fir ... — — x'28 11*6 — — I 1*^2 io*3'o 1*26 7*9 1*71 4*v<j 

Props made of steel girders with part of the web cut out at 
each end, and the flanges bent over (Firth's patent), are a good 
deal used. The crushing load may be calculated from the follow- 
ing formula, and the table shows the crushing load that may be 
put upon props of the section given. It must in all cases be 
borne in mind that the permanent safe load is about one-fifth of 
the load that will immediately crush a i)rop. 

To find the buckling load for a steel prop. 

Rule,-- 

I + (j X 

B X A = total buckling load for prop. 

B = buckling load in tons per square inch. 

A = sectional area of metal in square inches. 

L = elastic limit of material. 

47 = a constant depending on section and material. 
m 

When neither end is rigidly fixed, vt d ^ least width in 
inches, / = length in inches. 

Example , — Prop is 4 feet long, of H-section rolled girder, 
mild steel, 8 inches x 6 inches. Sectional area is 8*43 square 
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L = 16 tons for wrought iron or mild steel. 
^ = 1 Aff for rolled joists H section, 
w = / = length in inches = 48. 

= 6 inches. 

A = 8*43 square inches. 


ThenB = - 


16 


16 


V6; 


= i5’i8tons 


i + 


1200 ' \ 6 / ■ 1200 6x6 

And B X A = 15-18 X 8*43 = 127*96 tons 


Table XVIII. 

Calculated by the rule above given, for H-section rolled joists or girders 
used as props, both ends free. 


Descrip 

tion. 

*0 

V 

<r . 

u ^ 

1 Average thick- 
j ness of flange. 

rt 

0 

k, 

— 0 

0 

w 

Buckling load 
which the end; 
for a span of 

for a strut of | 
s are not fixed,’ 

1 Safe permanent load on the 
same struts. Factor of 
safety = 5 

1 

clcp. wicl. 

in. 

in. 

Mj in. 

4 ft 

6 ft. 

8ft. 

12 ft 

! 4 (.. j 

6 ft. 

1 

8 ft. 

12 ft. 

in. tn. 1 
1 X 3 

' 0*1 8 

0*2*; 

»‘9 

2S’04 

20*53 

16*40 

10*39 

j i 

4*10 

3*28 

2*08 


0-37 

0*5 

6*00 

87*66 

79 -oS 

69*^ 

51*78 

^7*53 ] 

15*82 

13*92 

10*36 

6 X 

t^‘44 

0*5 

7 -II 

los'sS 

</,* 9 S 

86 95 

67*26 

1 21*12 

19'3Q 

*7*30 

i 13*45 

8X6 

0' 3O 

0*5 

841 

1.7*96 

120*^6 

III 10 

91*12 

! 25*59 

24 o3 

i 

1 22*22 

lS*22 










1 




* A prop as set up between roof and floor is a “strut the ends of which 
are not fixed.” 


Safe Loads. — It must be borne in mind that the safe load of 
any material is much less than the crushing load For instance, 
whilst the bar 6 inches square, 6 feet between the supports, will 
carry 6 tons in the centre, a load of i ton would be sufficient for 
a permanent loading. 

In timbering, the factor of safety commonly employed in 
building is 7, that is to say, that if a load of 7 tons will break 
a bar, a load of only i ton should be put on it permanently. It 
is, perhaps, unnecessary in mines to allow such a large factor of 
safety, because the timbering has seldom to remain permanently ; 
and it is probable that a factor of safety of 2 or 3 is sufficient 
both for bars and props in a mine — that is to say, that if the 
calculation shows that a bar would break with a load of 6 tons, 
it may probably be safely required to carry a load of 2 to 3 tons. 
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And the same with regard to props. If the ultimate crushing 
strain of a prop is say 40 tons, it is probable that it may safely 
carry a load of 20 tons, because it will only have to bear the load 
for a short time. Of course, in addition to this, allowances must 
be made for deterioration of the timber by decay, or for weaken- 
ing of the timber by. cutting portions of it away. 
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CHAPTER XVL 

UNDERGROUND HAULAGE : JIGS, SINGLE ROPE, TAIL ROPE, END- 
LESS ROPE, CHAIN, LOCOMOTIVES, COMPRESSED AIR, ELECTRIC, 
ROPEWAYS ON SURFACE. 

The underground conveyance of mineral is a matter of con- 
tinually increasing importance, not merely because of the rapidly 
increasing production, but because, as the mines get deeper, the 
area of mineral got from one pair 
of shafts increases. Underground 
haulage roads are now not un- 
frequently two miles in length, and 
sometimes reach a length of four 
miles. The total length of under- 
ground railway in Great Britain, is 
equal to half the length of surface 
railway, but the extent of undei- 
ground railway is increasing faster 
than that of surface railways. 

Various means of haulage are 
shown in Fig. 433. The mcst 
primitive method of conveyance is 
that of putting the mineral into a 
bag or basket, and carrying it on 
the head or shoulders, a plan which 
is still adopted in some parts of 
the haematite iron-mines in the 
Forest of Dean, and in many places 
abroad. 

In some mines the mineral is 
conveyed in wheelbarrows ; this 
method was pursued at the Mona Copper-mines in Anglesea. 
Iron rails could not be laid down because of the corrosive action 
of the water, w’hich would have rapidly destroyed them, and 
therefore wooden planks were laid in the centre of the road, along 
which the wheelbarrows were run. 
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Another method is to employ a basket or box, with slides like 
sledge-runners underneath. This is suitable for the conveyance 
of minerals down steep inclines for short distances, and is often 
employed in thin seams of coal to convey the coal down the 
branch gate to the waggon-way, where they are emptied into the 
waggon or into a heap beside the waggon- way. 

The most usual plan is to put \he box or basket on to four 
wheels, which run on rails. The old-fashioned kind, still largely 
used, has wheels with thin edges ; the rail is shaped like an angle- 
iron, one flat side laid on the ground, the other standing inside, 
thus forming a flange to guide the wheels. A much superior 
plan is to put the flange on to a broad wheel, like a railway 
wheel, which runs along a round-topped rail The diameter of 
the wheel varies with the size of the waggon from 6 inches to 
2 feet They are generally now made of cast steel, which is 
much lighter and more durable than cast iron. Steel rails are 
also now used, because they are more durable than wrought iron. 

The sections of rails commonly used, as shown in Fig. 434, 
are flat-bottomed, bridge, and double-headed ; flat-bottomed are 
generally preferred, the bridge rails being rather more difficult 


434 * 





I ‘g 4 

435- 

Fig. 434 —Sections of rails- 435.— Double-headed rail in chair. 

Fig. 436 —Double headed rad m fish-joinis. 


to bend round corners. These rails are spiked to the sleeper. 
Where double-headed rails are u.sed, a chair is necessary (see 
Fig. 435). To make a first-class road, the rails should be fish- 
jointed (see Fig. 436) to prevent the ends jumping up, or else a 
joint-chair must be used (see Fig. ’437). Wrought-iron or steel 
sleepers are often used in place of wooden sleepers. Where these 
are used, the rail is fastened by being slip[)ed under projecting 
clips on the sleeper, sometimes afterwards tightened with a wedge. 
Rails as light as 10 lbs. to the yard are sometimes used where 
the boxes only contain 3 or 4 cwL of coal ; 16 to 18 lb. rails 
arc used for boxes containing 7 or 8 cwt of coal ; for main roads 
and boxes containing 10 cwt of coal, rails 25 and 35 lbs. to 
the yard are often used. 
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Fig. 438 shows a set of cast-iron points and crossings. The 
points are fixed, and the waggons must be turned off by hand ; 
but this kind of turn-out is frequently only used for waggons 
coming one way. Fig. 439 shows a similar arrangement where 
loose points are used. Fig. 440 shows a long centre rail moved 
across the road instead of ordinary points. Fig. 441 shows a 
double set of points and crossings similar to those on a railway. 


& 





Fig. 433. — Cast-iron points and cross- 
ings : left-hand turn 


Fig. 437. — Joint-chair- 

Fig. 442 shows A, cast-iron crossing ; B, a turn and crossing ; C, 
grooved plate for pit-bottom ; D, cast-iron check rail. 

Pit Waggons.— These are called indifferently w^aggons, corves, 
tubs, boxes, or carts (see Fig. 443). They are generally made of 
wood, bound with iron at the top and corners, with iron or steel 
draw-bar, iron hoops to the buffers ; but they are sometimes made 
entirely of iron or steel, but have generally wooden sole-pieces. 
In the north of England iron waggons seem to have the prefer- 



ence The thinner the material of which the waggon is made, the 
!"eater the Tight it will hold for given external dimensions. 
The Sles are generally made of steel ; the wheels are sometimes 
iaLd betw'L'the soleV but more often outage 
nieces They are somairoes loose on the axles, re\ ohing between 

SS. T»U amngamen. reducs .h. 

because, as the road is seldom perfect, and there we 

g„., „Jmb.r ot cur.^,, one .h«l must go 

it many pUcen On the other hand, unless the aheel is n very 
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eood fit on the axle and between the collars, it may wobble and 
miss the points. For this reason the wheels are generally fast on 



Fig 440. 
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Flc 44a— btving point and crossing Fic 441 —Double set of points and crossings, * 
wrought iron. Fig 447 — Cast iron plates. 


the axles, like those of railway waggons, the axles revolving on 
pedestals or caps. 

In some cases the waggons are made entirely of iron bars, 
forming a framework in which lumps of coal are placed, and 



Fig. 443.— Diagrams of pit trains. 


through which any slack made in transit falls. This plan is not 
now in favour, because of the amount of coal-dust distributed 
along the roads. 

In some parts of the Midland Counties the sides of the box 
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are very shallow, say only 6 inches. As coal is loaded above the 
side, rings or garlands of wood or iron are placed round the coal, 
four or five rings being placed sometimes one above the other, 
and the coal is built up to a height of 6 feet above the ground. 
This facilitates unloading on the bank. 

Lubrication. — A good deal of attention has been given to 
the lubrication of the axles, •which is essential for economical 
haulage. The lubrication is often effected by means of some 
grease applied with a stick to the under side of the axle, or oil 
is used poured from a can. In order to apply the lubricant, it 
is sometimes necessary to turn the waggon upside down, and the 
lubricant is often applied when the waggon is upset over the 
screens for the purpose of throwing out the mineral. In some 
cases the waggon is stopped with the axles just opposite four 
squirts, from which little jets of oil are sent by a force-pump. 

Another plan is shown in Fig. 444. Underneath the road is 
a tank containing oil ; revolving in the oil are two wheels, the axles 
of which are carried 
on springs. The wag- 
gon is run over these 
wheels, which touch 
against the waggon 
axle ; the wheels yield- 
ing as the axle passes 
over, the oil on the 
wheel is communicated 
to the axle. Where 

this system of lubri- Fjc 444 -'Iram axlc-^cascr. i. oU-bpa . a. oil-*he*U 
^ fit rubbing against axle of tub ; 3, wheels and axles oiled 

cation is employed, the when pacing over oil-x»eII 
pedestal is only on 

the upper side of the axle ; a collar to prevent the box from 
being lifted off the wheels is fixed a little on one side of the 
l)edestal, so that the lubricating wheel comes against the axle, 
'rhese lubricators are fixed on the pit-bank and at the pit-bottom 
and at intervals throughout the mine, so that the w’aggons are 
oiled perhaps four times each journey. Sometimes the axle is 
lubricated by grease placed in bottles fixed in the sole-pieces, 
running out through a small hole partly filled with a pin, as in 
the needle oil-cup. For the success of this device, it is necessary 
to have good workmanship for all the parts, and a uniform quality 
of oil. 

Hurriers and Horses. —When the waggon has been loaded, 
it is often taken along the branch gates, particularly in thin seams, 
by a lad called a hurrier, who wUl push it at a great pace if the 
gradient is in his favour. On the main roads or where the height 
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is sufficient, a pony or horse is employed. A lad with a small 
horse will take ten or twenty times the weight that he can with- 
out the horse. Horse-haulage is very convenient and economical 
in all mines where the roads are level or where a moderate gradient 
is in favour of the load. But the most economical gradient for 
horse-haulage is where the work done by the horse is equal going 
out with the loaded corf or coming-in with the empty. 

This gradient may be calculated by the following rule : — 

Let G = fraction representing gradient. 

F = fraction representing friction. 

L = total weight of loaded train. 

E = total weight of empty train. 


G = 


Fx 


L -f- E 


Let F = L = lo tubs each 14 cwt. -f- i lad = i cwt. 

-f * horse = 3 cwt - 144 cwt. E = 10 tubs each 4 cwt + 10 
cwt of timber -f lad and ^ horse = 4 cwt = 54. 

Then, applying the rule — 


r = L y _1 

80 144 + 54 *176 


that is, the gradient is i in 176— -that is to say, I inch per yard, 
the loaded train going downhill and the empty train going 
uphill. 

Jigs. — Where the incline is steep, the loaded tub going 
downhill, no horse is required, as the weight of mineral descending 
is sufficient to pull the empty waggon up the hill. A road so 
arranged is called a jig, or self-acting incline. The gradient re- 
quired for this may be calculated from the following rule : — 

G = fraction representing gradient. 

L 1 

E > = same as before. 

F ) 

K =120 per cent., or if. 


L-t- E-F 


L -f E 


Then G 


L - E 


X F X K 


Let L = 140, E = 50, and F = gV 

140 + 50 


Then G =-• 


140 -f 50 -f 


140 - 50 

or the gradient must be not less than t in 26. 




5 


I 

26 i 
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L 4 “ E 

In the above rule — is added to allow for the friction of 

the drum and ropes ; the amount of this, of course, varies with 
every incline according to the length, and character of the 
machinery, and K is added in order to give the preponderating 
weight necessary to give the required velocity. 

This formula is for a simplfe jig, the full waggons running down 
on one line, and the empties running up on another. But on 
many inclines there is only one waggon-way ; the empties are 
drawn up by a balance- weight of cast iron, which runs on a narrow 
way beside the waggon-way, or in the middle underneath the 
waggons (see Fig. 469). 

This plan is frequently adopted for steep inclines, and is very 
convenient where there are a number of branch levels, as the 
waggon can be stopped at any level just as required, the empty 
taken off, and the loaded waggon hung on. The formula for a 
balance-jig differs from the preceding, and is as follows : — 

Let B = balance-w'eight, and the other letters the same as 
before. 


L= 15, E = 
B= II, K=: 


Then G = 


6, and F = 

L + B 


L 4 “ B 4 " 


L - B 


X 


F X K = — 
II 7 


In the above case the friction is given as because the 
waggon is carried on a trolley with large wheels. The accuracy 
of the foregoing rules is proved as follows : For the horse road, 
the strain is to be equal going both ways. 

Let r = the tractive force required for full road. 

T' = the tractive force required for empty road. 


Then T = LxF — LxG 


This is evident, because the tractive force equals the load x the 
fraction representing friction, and subtracted from this is the load 
multiplied by the fraction representing the gradient, because 
gravity is helping the train on. 

r = (E X F) -f- (E X G) 

because the force required to draw the empties equals, of course, 
their w’cight x the fraction representing friction, and added to this 
their weight X the fraction representing gradient, because they aie 
going uphill. But by the hypothesis T = T ; 

L X F - L X G = E X F + E X G 
and by transposition (L - K)F = (E + L)G 
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and by transposition G = 
which is the rule. 

In the case of the simple jig, leaving out K, the strain of the 
descending train is equal to the strain of the ascending train upon 
the rope. 

Let T = the strain of the descetiding train. 

T' = the resistance of the ascending train, and the friction 
of both trains and machinery. 

T = L X G ; that is to say, it equals the weight of the 
loaded train x the fraction representing gradient. 


T' = ExG + (L + E+ ; that is to say, it 

equals the weight of tiie empty train multiplied by the fraction 
representing the gradient, added to the weight of both full and 
empty trains multiplied by the fraction representing friction + J 
of the weight of full and empty trains, added on account of the 
weight of the drum and rope multiplied by the fraction repre- 
senting friction. 

Since by the hypothesis T = T' — 

LxG = ExG 4 -(L + E + ^ + 


or by transposition (L — E)G = (L + E + 

L + E + 


or by transposition G = 


L - E 


Lp)p 

L + E 
5 F 


which is the rule. 

The result is multiplied by K in order to give the extra steep- 
ness required to obtain velocity. The rule for a balance-jig may 
be proved in a similar manner. 

JR* 44S * shows plan and section of an ordinary’ jig. There 
are three rails from the top to the middle of the pass-by, then a 
double road ; below the pass-by a single line, and at the lx)ttom 
a double road ; at the top a bank-head is made, that is to say, 
the roof is cut down to make a nearly level place. At the bottom 
a flat is made by taking up the floor at the start, the loaded 
waggons are pushed along over the hill where it is very steep, 
this gives them greater power to acquire velocity. Fig. 446 shows 
a jig drum, and Fig. 447 a jig wheel. It is perhaps hardly 


’ The plan and section are broken in the centre in order to shorten the 
drawing. 
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necessary to remark that the lightest gradient on which a jig can 
act depends partly on the weight of the train and partly on the 



Fic. 445.— J»g * plan and wtion. Dotted lines show position of coal-seam 


length of the incline. The heavier the train the lighter the gradient 
on which it will be possible to run a train ; the longer the incline 



the heavier the ropes and drums, and consequently the steeper 
the incline required to 
make it work, unless the 
endless rope or chain 
system is adopted, in 
which case the length of 
incline will not be very’ 
material, as it will be in 
exact proportion to the 
weight of the tram. 

Whilst the self-acting 
incline is the cheapest 
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the gradient is suitable, and horse-haulage is the cheapest for 
levels where the tonnage is not very great, engine-haulage 
must be adopted on all levels having a large tonnage, and upon 
all inclines where the load is drawn uphill. It has been said by 
mining engineers of great experience that it pays to use a steam- 
engine for haulage wherever the work on one road is such as to 
require five horses and five drivers. ' But this statement, of course, 
requires some qualification. 

The following are some methods of hauling by engine-power. 

Single Rope. — Where the incline is sufficiently steep for the 
waggons to run dowm, pulling after them a rope which has been 
coiled on the drum, a single rope and road are conveniently used ; 
the waggons are lowered down to the bottom of the drift by 
means of a brake on the drum. For hauling up, the drum is 
connected to an engine by means of a clutch, which then winds 
up the drum. Any number of intermediate landings can be 
worked by this system by having points to guide the descending 
train into the landing, the engine-man being duly signalled which 
landing he is to stop at Electric signak are generally used on 
long inclines as being easier and quicker to use than lever signals. 
Sometimes it is desired that the full train, after being drawn to 
the top of the incline, shall run without stopping to the pit-bottom. 
This may be effected by an automatic means of disconnecting the 
ro|)e from the train at the top of the incline, as shown in Fig. 448. 



EnUrged view of jockey .'ind fork. 



Fig. 44&, — Single-rope hauUge i, kickcr-l*eam and jockey at top of incline ; 

2, »mgle-rope drum engine ; 3, road to pii-(>oitutn i l, fork. 

A bell crank-lever, called a jockey, is clipped on to the front 
and the first waggoru At the top of the incline this strikes 
against a cross-bar, and, being thrown back, the lower arm of 
the lever pulls out a pin by which the rope is connected to the 
waggon. 

Tail-rope Hanlage (see Fig. 449).— Where the incline is 
not sufficiently steep or not sufficiently uniform for the empty 
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train to run in-by all the way, it is necessary to pull it by means 
of another rope. This rope is generally attached to an engine 
neajr the shaft or top of the incline, but it is taken on pulleys 




Fig. 44Q. — Tail-rope system. 


fixed on one side of the road down to the in-by end of the engine- 
plane, and there passes round a pulley and comes back along the 
waggon-road, and is fastened to the front end of the empty set 
near the pit-bottom. This rope is called the tail rope, and is thus 
seen to be twice the length of the engine-plane. This tail rope 
is wound up on a drum by an engine, which in so doing pulls the 
empty train in-by. The main rope is hung to the rear of this 
train, and when it has got to the end of 
the plane the main rope is then unhooked 
from the empty set and fastened to the 
front of the full set, the tail rope being also 
unhooked from the empty set and hooked 
to the rear of the loaded set The engine- 
man then winds up the main-rope drum, 
and the loaded set is drawn to the pit- 
bottom, pulling after it the tail rope. 

Sometimes the main and tail rope 
drums (see Fig. 449<r) are on separate 
shafts, connected by spur-gearing to the 
engine. By means of levers the spur-wheel 
on the engine-shaft can be thrown into h iG. 449^ -—Tail-rope engine* 
gear with either the main or tail rope drum 
as required. In other cases both drums are loose on one shaft, 
and alternately fixed by clutches. Branch roads can be worked 
off the main road without difficulty. When the empty set is 
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going in-by and gets to the branch, the tail rope is then discon- 
nected, and another tail rope belonging to the branch is hooked 
on to the front of the empty set ; the other end of the branch 
rope, which just goes as far as the beginning of the branch road, 
is then connected to the tail rope, the in-by part of which belong- 
ing to the main road is at the same time disconnected. The 
engine-man now continues to wind up the tail-rope drum, and 

the empty set is 



pulled forward by the 
branch tail rope, and 
therefore goes along 
the branch, the 
points being set ac- 
cordingly. Any num- 
ber of branches that 
is convenient may 
be used on this 
system. 

This method of 
haulage has been 
carried to great per- 


fection. The under- 



FtG. 450 -- 51 rthods of Uicing ropci round a curve, i, chcck- 
raiU ; 3, iraveiUng-road. 


ground railroads are 
laid with rails of 
great weight, from 
25 to 50 lbs. to the 
yard, with fished 
joints and uniform 
gauge. At the curves 
there arc check-rails 
and rollers (see Fig. 
450) to guide the 
main rope round the 
curve as well as the 


tail rope. The speed of hauling often reaches lo miles an hour. 

Endless Chain. — In the endlesschain system there is a 
double waggon-way throughout The empty waggons are always 
going in, and the full waggons always coming out They are 
spaced in distances of from lo to 30 yards apart, according lo cir- 
cumstances, but always equidistant (see Fig. 451). A chain is laid 
over the top of the waggons along the whole length of each road. 
The chain passes round a return wheel at the in-by end of the 
road, and round a drum near the pit The drum is on a vertical 
shaft (see Fig. 451a), the chain passes four or five times round 
it, so as to give sufficient adhesion. The drum is like a pulley 
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j groove. Across the groove are 

placed steel bars tapering inwards towards the bottom ; a flange 
at the bottom prevents the chain from slipping off. The chain 



Fig. 4«i».--Plan of endless chain. 


conies on at the top and off at the bottom, slipping down on 
these steel ribs ; whilst one link lies flat upon the steel rib, the 
next link catches against it, and as there are a great number of 
these links catching against 
the ribs, the chain is pre- 
vented from slipping round. 

The weight of the chain 
lying upon the top of the 
boxes is sufficient to drag 
them along in case the 
road is level But in many 
cases an iron fork is fixed 
at the back of the waggon 
(see Fig. 452), into which 
the chain drops, and 
through which the next 
link will not pass. With 
this kind of fork the wag- 
gons can be drawn up a 
ver)' moderate gradient, of 
say 2 or 3 inches in the 

yard. If the gradient is Fig. 45I<I. — Endless chain driving-wh«els. 

much steeper, a short 

chain is used to attach each tub to the main chain ; one end is 
hooked into a link in the large chain, and the other end is 
hooked to the waggon. As the chain is continually moving, and 
two roads are at work, a comparatively small speed suffices to 
convey a large tonnage to the pit-bottom. A speed of 4 miles 
an hour by this system will convey as much coal as a speed of 10 
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miles an hour with the tail-rope system. A common speed is about 
2 miles an hour. The nearer the waggons are together, the greater 
the tonnage delivered for any given speed. 

At the end of the main road there may be one or more 
branches or extensions. If that is so, the main chain is taken 
three or four times round a drum on a vertical 



shaft, and branch chains are taken from other 
drums on the same shaft, and these branch 
roads may again be extended in a similar 
fashion. As there is not so much coal coming 
down the branch road as down the main road, 
the tubs will be spaced at greater distances 
apart on the branch roads, and the driving- 
drum for these roads will ^so be of smaller 


diameter than the drum driven by the main chain. Where 
branches worked by horse enter the main road, the main chain 
may be lifted up and carried on pulleys, and flat sheets laid 
down on the main road, on which to turn the waggons coming 
out of the branch, and empties on the main road required 




for the branch. If there is a curve on the road, the chain is 
guided round by pulleys, but the waggons are detached from the 
chain whilst passing round the curve. The curve may be made 
self-acting, or nearly so, in the manner shown in Fig. 453, by 
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slightly raising the full road as it approaches the curve , the 
waggons, having been detached from the chain, will run down 
again and reunite with the chain beyond the curve. The empty 
road is arranged in the same way. ^ 

The chain is sometimes placed in a hook on one side of the 
tub instead of passing over the top. This is more convenient 
where the coal is loaded above the top of the tub. In some cases, 
though rarely, the chain is placed on the ground underneath the 
being supported by rollers at short intervals. An ex- 
ample of this is given in the Report of the North of England 
Underground Haulage Committee. In this case the chain is 
working on an incline having a gradient of 18 inches in the yard, 
600 yards in length. The waggons weigh 10 cwt. each when 



empty, and contain 15 cwt of coal, placed 50 yards apart. The 
hauling-chain is made of iron inch in diameter, and each link is 
7 inches long ; total weight, 22 tons. The drum, or driving-wheel, 
is 10 feet 3 inches in diameter. The engine has one cylinder 
25 inches in diameter, 4 feet 5 inches stroke ; the speed is reduced 
by gearing, so that the chain moves 2 miles an hour. There are 
eight stations on the chain. The waggon is attached by a chain 
2 feet 6 inches long, of j-inch iron, with a hook on each end. 
The landings are made by means ot movable platforms, which 
can be lifted up by the aid of a balance-weight to let the waggons 
pass under, or drawm down to form a landing (Fig. 454). The 
empty tub running on to these is instantly unhooked and run out 
of the way. The full tub is run on to these and turned round, 
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and hooked on to the main chain and drawn up the hill, the 
platform being raised again to let the next waggon pass under. 

The endless-chain system is largely adopted, and is very 
economical; a comparatively inexpensive road will do, because 
of the slow speed of haulage, and almost any tonnage can be 
brought along a double road on this system. A comparatively 
small engine also is required, because the engine only has to drag 
the nett load of coals uphill. Of course, there is the friction of 
the whole system to overcome, but upon inclines the empty 
waggons going downhill balance the waggons coming up, all 
except the coals; and if the gradient should be uneven, the 
attachment of all the waggons on the haulage road to one chain 
equalizes the gradient, so that the engine has to pull the nett 
load of coals up an average gradient If one of the inclines 
comes from rise workings, so that the load is going downhill and 
is connected to the chain system, the coals coming down this 
incline may balance other coals coming up another incline, and 
thus the power required for the whole pit may be no more than 
if it was quite level. 

The objections to this system are that it is necessary to have 
a wide road for the double waggon-way, and wider still for men 
and horses to pass, unless there is a separate travelling road for 
them. 

Endless Rope. — The principle of this is exactly similar to 
the endless chain, the difference is only in the detail. If the 
endless rope goes over the top of the tub, the tubs may be 
attached to it by short lashing chains, one end of which is hooked 
to the tub, and the other is twisted round the hauling rope (see 

455 )- 

Instead of tying this chain to the hauling-rope, a clip is often 


I I 




Enlarged view of connection. 

Ffc 455. —Endless rope : atuchments. 


used, of which Fig. 456 shows one example out of a great many. 
Ano^er method is to fix an iron pin with a hook on the top of 
it into a socket on the back of the tub (see Fig. 457;. The rope 
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lies in the hook, and is thus carried over the top of the coals in 
the waggon. The strain of the hauling-rope on the hook causes 



Front View Sioe View 

Fig. 456. — Endless rope : clip- 


the pin to turn in the socket This causes the sides of the hook 
to jam against the rope, which is so prevented from slipping. In 

A 


LevtL 



H 

Fig. 457. — Connection of rope with tubs. A, longitudinal section ; IC cross-seciion, shovunp 
connection. 1, hauling-ropc ; 2, connection between tub and rope. 

many cases the rope is underneath the waggons, carried on rollers 
laid in the centre of the road ; the waggons are then attached 
singly or in trains (see Fig. 457^). 



Fig. 4 5 Endless rope : liaulagc, general view : rope under tubs. 


In the case of a long traini the rider holds a pair of tongs (see 
Fig. 458) fastened by a short chain to the front w^aggon. With 
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these tongs he clips the rope, which then drags the train. To 
stop the train he opens the tongs. Sometimes the rope is clipped 
by means of plates brought together with a screw, and the train 
is sent on without a rider. 

Another kind of clipping is made dependent on the resistance 
of the train, similar to that shown in Fig. 455 ; or in another 
way in Fig. 459. There are a grfeat variety of these clips, and 
some of them are patented. 

Movement is given to the rope sometimes by means of a 



Fjg. 458. — Endless rope : tongs. 


drum known as Fowler’s clip (see Fig. 460). In this case the 
circumference of the wheel is surrounded with a number of hinged 
clips which form the groove in which the rope rests. The 
pressure of the rope in the bottom of this groove by twisting the 
clips reduces the width of the groove, and so clips the rope 
tighter. The original width of the groove must be adjusted with 
some care to the size of the rope. In order that this may be 



done, one row of clips is carried on a rim screwed on to the body 
of the pulley; by turning this screw the cli[)S can be brought 
nearer together or further apart as recjuired. The successful use 
of the pulley depends upK)n this adjustment. Another device is 
Barraclough’s (see Fig. 461). In this case the periphery of the 
wheel is surrounded with short movable clips, but these slide on 
an incline instead of being hinged. They are brought together 
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by the pressure of the rope, so giving the requisite adhesion ; and 
sent out again by a. spring under each pair of clips, as shown in 
section in the figure. 

Another method, shown in Fig. 462, is to make the periphery 
of the drum or pulley wider than necessary for the rope, and then 
in this rim to put a crooked 
groove. The rope lying ih 
this groove, bent by its twists, 
cannot easily be drawn through, 
but has to go round with the 
pulley or drum. Another plan ^ 
is to have an ordinary grooved 
pulley, and at intervals of say 
18 inches a fork made of square 
steel about I inch is placed 
in the groove, the shank pass 
ing through the body of the 

j)ulley, and secured by a nut on the under side. The edges of 
this fork catch against the rope and prevent it from slipping. 
This plan is said to be satisfactory by those who have tried it. 

Another method is to use a very wide grooved pulley or 
drum, the lower flange of \vhich is very deep. In this case the 
roj>e may be coiled five or six times in a spiral. As the drum 
turns, the rope comes off at the lower part of the groove, and 
comes on at the upper part. The tendency of the coil is to nse 
up, but it slips down the side of the groove. There is thus a 
continual slipping, but the ropes are found to w^ear remarkably 
well, hive or six years of hard work are recorded as the life of 
the rope working over these drums. 

Another method of driving the rope is by means of a driving- 
pulley or drum and guide-wheel (see Fig. 463). Each of these 


Fig. 461. — Barracljtigh’s 
clip. 


Fig. 462. — Grip 
pulley. 



Kio. 46J.— Endless rope : ihrcc groose and two-groovc wheeU. 


wheels is grooved to fit the rope, the driving-wheel having an 
extra groove, sometimes as many as six grooves in the driving- 
wheel to five in the guide-wheel In working, the rope comes 
on to the driving-wheel, passing half round, and then over the 
guide-wheel half a turn, then in the next groove of the driving- 

* Blackburn's patent. 
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wheel half a turn, again into the second groove on the guide- 
wheel, and so on — sometimes going straight from the driving- 
wheel to the guide-wheel, sometimes diagonally, forming the rope 
into the figure 8 ; but this figure-of-8 plan is more injurious to 
the rope. By a careful adjustment of the inclination of the guiding- 
wheel, the rope may leave and enter each groove of the driving 
and guiding wheels without any flipping on the flanges. All 
these methods of ^ving adhesion to the driving-rope are also 
adopted for self-acting inclines. 

Some method of tightening the endless rope or taking up 
slack caused by stretching is usually adopted. The best plan is 
to take up the slack from the rope as it leaves the driving-wheel, 
because at this point there is no strain on the rope, which may 
be passed round a pulley fixed on a movable frame (see Fig. 464). 



To this frame is attached a chain which passes over a pulley, a 
weight being hung at the end. This weight pulls the carriage 
and the tightening-pulley, and if an undue strain occurs- the 
tightening-pulley gives way, and when the strain is less the slack 
is taken up instantly. The tightening-pulley, however, is often 
placed at the further end of the road in-by. In this case a heavier 
weight is required for tightening. It is inadvisable to have the 
rope tighter than is absolutely necessary, as this causes undue 
friction round curves and elsewhere. In some cases, with the 
rope working on the top of the tubs, it may be (fuite slack with 
advantage. 

Application of Various Systems.— Each of the above 
systems of haulage has to be used or discarded according to the 
special circumstances of the case. Fig. 465 shows a plan of a 
mine in which various methods of haulage are adopted, each 
system being specially suited to the requirements of the district 
to which it is applied. It will be noted that there are six methods 
of haulage. The seam being thin, and the gate roads consequently 
low, hurriers are employed to bring the coal to the cross-level. 
Sufficient height is here made for ponies, by which the cod is 
taken to the engine or gravitation systems of haulage. The 
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inclination of the seam being about i in 12, the coal is lowered 
from the upper cross-roads to the main level by self-acting in- 
clines. The main level, having to carry a large tonnage, is worked 
by endless rope; No. 2 incline is worked by a single rope; No. i 



Fig. 46s. —Plan of mine, showing methods of haulage, t, endless-rope plane : a, single-rope 
plane ; 3, main and tail rope plane ; 4, self-acting incline ; 5, horses ; 6, hurriers. 


incline has a tail rope, because the lower level has been driven 
out for a length of over looo yards, and it is therefore con- 
venient to apply engine-power for this length of level road. 

Locomotives. — T hese are sometimes used in mines. The 
ordinary steam locomotive with the funnel cut down is sometimes 
used in American mines ; it is, however, a very disagreeable and 
dangerous thing to have in the mine. When it gets off the rails 
there is danger of setting fire to the timber, and in any case it 
fills the road in which it works with smoke. This road must, of 
course, be the retum-air road, as, if it were in the intake road, 
the mine would be unbearable. 

Compressed-air Locomotives. — To overcome the annoy- 
ance from the use of steam locomotives, compressed air is used 
Such an engine is similar to a steam locomotive, but there is no 
fire, and the boiler is a simple shell or cylinder of steel, which is 
filled with air at a high pressure, say from 200 to 400 lbs. on the 
square inch. These have been largely used in the long railway 
tunnels through the Alps. A smaller kind was patented by 
Messrs. Lishman and Voung, of Durham, and was set to work at 
the Newbottlc Colliery. 

These machines were of three sizes, the smallest with cylinders 
3 inches diameter, weighing 17 cwt. ; the next, cylinders inches 
diameter, 6 inches stroke, receiver holding 40 cubic feet, and the 
total weight being 27 cwt. ; and the largest, cylinders 4^ inches 
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diameter^ 8 inches stroke, receiver holding 50 cubic feet, total 
weight 3 tons (Figs. 466, 467). The pressure of air used was 
about 200 lbs. Large air-compressors on the surface force the 
air into pipes going down the shaft and passing along the level 
worked by the locomotives. At the pit-bottom, and at several 
stations along the level, were fixed branches and taps, at which 
the locomotives could take in a afresh charge by means of a 
union-screw coupling ; by this means a fresh charge is taken, in 
from about fifteen seconds to a minute, the latter time being 



required to completely fill the receiver. But by allowing a 
difference between the pressure in the locomotive and that in the 
pipe, the time occupied in charging is greatly reduced. The 
locomotives will run a distance varying from a quarter to half a 
mile, or more if necessary, without taking in a fresh charge. The 
advantage of the locomotive is that it will go along very crooked 
roads as long as the rails are carefully laid at pro|xjr curves, and 
that only a single road is necessary for a considerable traffic. 

The disadvantages are the necessity of maintaining a first- 
class road to avoid derailment, and that the system is not 
adapted to any but level roads. It is well known that the 
locomotive works at a great disadvantage on an incline even as 
moderate as i in 30. Therefore this mode of conveyance should 
only be introduced in those places where the gradient of the 
intended haulage road and its possible extensions is known to be 
level. 

Electric Locomotives. — As long ago as 1883 the writer 
saw an electric locomotive working at the 2 ^ukerc^a Colliery, 
near Dresden. Since then one or two more electric locomotives 
have been set to work in European mines, and some have also 
been adopted in the United States. 
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Fig. 468 shows the arrangement at Zaukeroda. On the surface 
is a steam-engine with cylinder 10 inches diameter, 8 inches 
stroke; the fly-wheel makes 200 revolutions a minute, and by 
means of a belt the dynamo is driven 660 revolutions. Two 
copper conductors pass down the shaft 242 yards deep, and are 
there connected with iron conductors fixed to the timbers in the 
roof of the level, which is 792 yards long ; one of these conductors 
is for the positive or intake current, and the other for the negative 
or return current. The locomotive contains a motor connected 
to the axle by spur-gearing. The current is taken from the 


Enlarged sketch of sliding contact-maker. 




iron conductors to the locomotive by means of brass travellers, 
which grip the lower end of the iron conductor with four rollers ; 
a copper wire passes from the traveller to the motor. As the 
locomotive moves it drags the traveller along. In order to save 
the copper wire from undue strain, a short rope is fastened to the 
travellers and the locomotive. The speed of the loaded train was 
6 miles an hour, and that of the empty train 8 miles. Each train 
consisted of eighteen waggons weighing each when empty 5 cwt., 
and holding 10 cwt. of coal. 

In more recent electric locomotive haulages, some modification 
has been made in the conductors and m^e of connection with 
the locomotive, but the chief features remain the same. 
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On every incline provision must be made against accidents 
through waggons becoming uncoupled or the rope breaking. The 
precautions taken to effect this are as follows : — 

Behind tlie train is hinged a strong iron fork, which is dragged 
along by the train. The construction of this fork is such that 
If the rope should break, and the train should back, the points 
. of the fork will stick into the ground, and lift up the lower end 
of the waggon and throw it off the rails, thus bringing the train 
to a stop before it has acquired any great velocity. 

Another device is to have points and crossings so arranged 
that the descending train will be thrown off the road. This, again, 
is only suitable for a road where the traffic goes only one way. 
But points may be laid in a single road with traffic going both 
ways, that can be opened when required to throw the train off 
the road. The point is moved by a lever connected by a wire 
cord with the top or bottom of the incline, so that the brakes- 
man or hanger-on can open these points if there is a runaway 
train. At the top of each incline are movable stop-blocks, which 
must be always placed in position when the train is at the top. 

A\liere a long train of waggons is coupled together, a safety- 
chain is often laid over the tubs from end to end, and fastened 
to the rope in front and to the rear of the waggon, so as to 
prevent any of the tubs from running back in case a draw-bar or 
coupling should break. 

Draw-bars. — It is evident that the draw-bar of a pit- waggon 

must be made to suit the method 
of haulage. Where, for instance, 
the endless-chain haulage is 
adopted throughout, and the wag- 
gons are brought from the work- 
ings on to the chain by boys, no 
draw-bar at all is required. But 
if half a dozen or more waggons 
are brought to the chain by 
means of a pony, then the draw- 
bar must be strong enough to 
stand such a strain as the pony 
can apply. But if the waggons 
are drawn up an incline by an 
engine, or lowered down by a 
brake in long trains, then the 
fjc- 4^)9. -siope-^age and uunce- diaw-bars must all be strength- 

ened, so that when the rope is 
attached to the draw-bar of the front waggon, and has to pull a 
train of perhaps forty or fifty or even a hundred waggons behind it 
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up a steep incline, it may be strong enough to perform this work. 
Thus it is sometimes necessary to renew all the draw-bars at a 
colliery when a new system of haulage is introduced. 

Slope Carriages. — Where the incline is very steep, it is not 
only very difficult to get the waggons on to it from a level road, 
but there is a tendency for the mineral to fall out To overcome 
this difficulty a slope-carriage (Fig. 469) is used This has a 



Frc. 470.— Jack roll or ^Mnch. 


level top, and is brought to rest opposite the landing. If there 
are intermediate landings between the top and bottom of the 
incline, the waggon is run on across the slope-carriage, as shown 
in the figure ; if there are 


no landings between the 
top and bottom of the in- 
cline, the w'aggon may be 
run on or off any way. 

For a short incline 
close to the working place 
small winches are some- 
times used, worked by 
hand, and spragged be- 
tween the roof and floor, 
as shown in Fig. 470, a 
thin steel rope being used 



Fjc. 471.— Hor^gto. 


Where the mineral has to ^ « 

be hauled up an incline where steam-power is not 
horse-gin is sometimes used, as shown m Fig. 47 ^* 
engines are often very conveniently and cheaply fixed on timbers, 
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^ .g»i i 


as shown in the small sketch (Fig. 472). Fig. 473 shows some 
rope rollers which can be fixed to timber props or bars, to carry 

tail ropes or endless ropes used for 
transmission of power; one of these 
is hinged, so that it may adjust itself 
to the line of the rope. 

Electric Motors.— Electricity is 
now used at several places for driving 
underground hauling- drums. Fig. 
474 shows plan and elevation of a 
steam-engine and dynamo of 40 H.P. ; 
fVi66ai r ffVB Y| several plants of this description are 
^ now in operation. The electricity 
passes through carefully insulated 
1 - copper conductors made of nineteen 

Elevation B copper wircs of 15 Birmingham wire- 

gauge; they are in an insulated 
^ ■ hSp* covering, making each cable i inch 

R in diameter. From the motor to the 

- . a --0 pit-bottom they are in a wooden 

Section AB casing made of pitch pine, 6} inches 

scAu or mr 3^’ i^^^^^s external dimensions 

0 f « (see Fig. 476), made of two pieces, 

- „ ' the first 6} inches by 2 inches, 

timbers. With two gTOoves 2^ inchcs apart, in 

which the cables are laid ; over these 
a piece 6} inches by li inch is screwed with 3-inch brass screws. 
This casing is fastened to the shaft-side. Fig. 475 shows the 
electric motor and drums. The power is taken from the electric 


«OU N»At» 


Section A 6 
SCAU or mr 

0 fo 

r IC. 472 — 'Hauling-cngine on 
timbers. 



f'C 47V Rope rollers. 


motor by means of ropes working in a grooved pulley on to 
a large grooved wheel on an intermediate shaft ; a pinion on 
this intermediate shaft moves a spur-wheel on the drum-shaft. 
Smaller electric winches or hauling-engines from 5 to 15 H.P. 
ore also made. 





Ropeways. — For the conveyance of minerals on the surface, 


It is not always convenient to 
sometimes made by which 
roads, rivers, and chasms can 
be bridged (see Fig. 478). 
Some details of the posts on 
w’hich the buckets are carried 
are shown in Fig. 479, and on 
a larger scale in Fig. 480. 
This is the Otto system largely 
used in Germany. The rope- 
way consists of a bearing-rope 
stretched from post to post, 
one on each side forming a 
double road ; rollers, from 
which the buckets are sus- 
pended, run over this bcaring- 
ro|)e ; below this is an end- 
less driving-roi>e resting on 
rollers on the bucket-frames, 
and clipped to these frames 
when the buckets are travel- 


make a railway. A ropeway is 





• V- r , 

W f. - I 

Plan* 


475 Motor and drum. 




F»f# 476.— Ropeway : general view 


ance is, in many cases, the cheapest that can be adopted in first 
cost, and it is doubtless also the cheapest in working cost 
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Another system of ropeway, which, however, is not so generally 
suitable, consists in having only one endless rope. The bearing- 



e. 


Scalt 20 Feet to i Inch. 

FiC. 479.— Ropeway : posts 

rope, in this case, is an endless rope driven by an engine ; ihe 
buckets are susi^ended by hooks to the rope, which is carried on 
rollers at the posts. There is, however, a liability of the buckets 



Seal* /| Fael iv 1 1fuh> 

4"a— Ropeway . rollers and buckets. 


to slide along the rope when approaching the posts, owing to the 
steepness of the curve. 'I'his is especially the case where the 
gradient of the ropeway itself is steep. 
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CHAPTER XVII. 

TRANSMISSION OF POWER : RODS, ROPES, AIR, WATER, 
ELECTRICITV, OIL. 

Power is transmitted from steam-boilers on the surface into the 
mine in the following ways : — 

Steam. — This is taken down the shaft in pipes to work engines 
near the bottom, and is also conveyed aJong the roads to consider- 
able distances, in some cases as far as 1200 yards. In order to 
prevent excessive condensation, the pipes must be thickly covered 
with non-conducting composition. Expansion joints must be intro- 
duced, and in the levels and inclines the pipes must be carried 
on rollers or suspended between the expansion joints ; otherwise 
there will be continual breakages of joints. This is probably the 
cheapest mode of transmitting power into the mine, but there 
are several objections. A leakage of steam is annoying ; should 
the steam-pipes burst, the steam might be dangerous, and the 
pipes must be so placed that in such a contingency the steam 
will not pass through any working place. The heat from the 
steam is often inconvenient, and in some cases would be apt to 
cause spontaneous combustion. 

The percentage of loss from condensation depends on the 
amount of power transmitted, because the actual loss is propor- 
tional to the circumference of the pipe from which the heat is 
radiated. But the friction of a gas in a pipe varies inversely as 
the fourth or fifth ^ power of the diameter, so that whilst a 2-inch 
pipe might be sufficient for 10 H.P., a 4-inch pi|>e would 
be sufficient for 50 or 60 H.P. In the latter case the radi- 
ating surface of the iron pipe is double ; the radiating surface of 
the covering composition is, however, only one and a half times, 
whilst the power transmitted is from five to six times as great. 
Therefore the loss taken in percentages will be about one-third 
for the larger power of what it was for the smaller power. If, in 
the first instance, 60 per cent of the steam was condensed, in the 
second instance only 20 per cent would be condensed. 

* It is generally taken as the fifth power. 
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Professor Merivale has given a good deal of attention to this 
^question, and the reader is referred to his interesting papers in the 
“ Transactions of the North of England Institute of Mining 
Engineers,” vol. 35, part 3, and vol. 36, part i. Mr. Merivale 
describes an installation where the steam from a cylindrical boiler, 
29 feet long and 5 feet in diameter, is taken down a shaft to drive 
three engines underground.* The first engine, 12-inch cylinder, 
2-feet stroke, is 342 yards from the boilers, and the steam passes 
through 5-inch pipes. The second engine is 950 yards further, 
supplied by 2^-inch pipes ; the engine is 8-inch diameter, i-foot 
stroke. The third engine, 120 yards further, ij-inch steam-pipes, 
is 6-inch diameter, with a lo-inch stroke. The total distance is 
1414 yards from the boilers. The pipes, steam-traps, and engines 
are covered with Wormald’s composition, and in the shaft, which 
is rather wet, the pipes are covered with felt and lead. The 
engines in the pit work from 5 hours to ii hours a day. The 
boilers consume 427 lbs. of rough small coal per hour, and eva- 
porate 273 gallons of water at 56° at a pressure of 35 lbs. Of this 
273 gallons, 57i, or about 21 per cent., are collected at the 
steam-traps in the pit, showing that the total loss by priming 
and condensation is only 21 per cent, of the steam-power. It is, 
however, probable that the loss by condensation is rather greater 
than that indicated by the water condensed in the steam-traps, 
as some of the condensed water may very likely pass through the 
steam-engines. However that may be, there is no doubt that 
this installation of Professor Merivale’s demonstrates that steam 
may be carried with great economy to a distance of nearly a mile, 
and if, instead of a small horse-power and intermittent working, 
there had been a large horse-power and continuous working, the 
loss by condensation would have been very much less for the 
reasons given above. 

Compressed Air. — Compressed air is the most usual and 
most generally approved method of transmitting power to mines, 
because it can be taken into any part of the mine without danger 
or inconvenience, and applied to any kind of w'ork, whether 
pumping, hauling, winding, ventilating, coal-cutting, or rock- 
drilling (see Fig. 4S1). The air-compressor is simply an air-pump 
(see Fig. 482). The air is sucked in at one valve, and driven out 
from another valve into a receiver, i, i, are the inlet valves, 
and 2, 2, arc the delivery valves. In case cooling water is 
admitted into the cylinder, the delivery valves must be at the 
bottom. An arrangement of engine and air-compressor erected 
by the writer is shown in Fig. In this case the stcam- 

rylinders had a diameter of 24 inches, and the air-cylinders 
25 inches, and the stroke 4 feet. T'hey were coupled engines. 
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The air-pressure can be raised to a higher pressure than the steam 
if desired. In this case the boiler pressure was between 40 and 
50 lbs., and the air was compressed to about the same pressure. 
In order to conduce to the economy of steam, a cut-off valve. 



worked by cam-gearing, was fixed on the steam-pipe. In order 
to maintain the air in the receiver at a uniform pressure without 
the constant attendance of an engine-man, the throttle-valve was 


controlled 


by a governor ; 


the 



governor consisted of a piston 
working in a small cylinder on 
the air-receiver, which Hfted a 
weighted lever and was con- 
nected with the throttle-valve. 
If the air-pressure fell, the 
throttle- valve was opened wider; 
if the air-pressure rose, the 
throttle-valve was closed, and 
in this manner the air-pressure 
was maintained nearly uniform. 
In case, however, an air-pipe 
should burst (a most unlikely contingency) and the air-pressure 
rapidly fall, the governor lever would automatically disconnect 
itself from the throttle-valve, which would be instantly closed 
by the action of a weighted lever. Where inlet valves, similar 
to those in the sketch, are used, there must be a guard of per- 
forated plate inside the valves, so as to obviate the possibility of 
a broken valve falling into the cylinder. 

The compression of air jToduces a great deal of heat, just as 


Frc. 4S2 — Transmi^^ion : a >r-cy I in dcr. r, 

inlet vaKcs; a, valves in rc<c!vcr; 3, 
pipes to rerciver ; 4, water-jacket round 
cj'linder ; 5, air-pij»lon. 
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the expansion produces cold. In order to keep the cylinders 
cool, it is usual to place them in a tank of water, through which 
a stream is maintained. Sometimes a jet of water is admitted 
into the cylinder. This jet should be in the form of a very fine 
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many engineers prefer to keep the cylinder dry. In some cases 
water has been introduced between the piston and the air (see 
Fig, 483). The air is here on the top of a column of water, form- 
ing a fluid piston ; the piston 
raises the water and com- 
presses the air above it. This 
'design has not come into 
general use, because water is 
only suitable for a piston when 
moving at very low speeds. 

The higher the speed at 
which an air-compressor works 

Fig. 483.— Transnu&*ion : water ia cylinders. better, beCaUSC there is a 

less percentage of leakage 
through the valves and past the piston, and there is less time 
for the heating of the inlet air. 

It is important that the clearance at each end of the cylinder 
should be as small as possible, in order that the compressed air 
may not be left in ; because, on its expansion, it occupies a place 
which should be filled by fresh air, and so reduces the useful work 
done by the pump. If too little clearance is left, however, the 
piston may knock. 

In order to get over the difficulty of clearance, the following 
ingenious device has been adopted by some engineers : At each 
end of the cylinder is a groove, rather longer than the thickness 
of the piston. When the piston has passed the end of this groove, 
the air on the compression side passes through this groove on to 
the intake side, thus compressing the air in the cylinder already 
full, and reducing the pressure on the side which is about to 
become the inlet side of the piston. I'he objection to this system 
is that it may cause a knock of the piston against* the covers, 
unless there is sufficient cushioning in the steam-cylinder. 

The economical use of compressed air depends on the following 
rules : — 

The boilers and steam-engines used for the purpose on the 
surface must be of the 'best kind. It is vain to seek an eco 
nomical system of transmitting power unless the power is 
economically produced in the first instance. It is quite common 
for colliery engines to consume two or three times as much fuel 
as is necessary ; and as long as that is the case, it is not worth 
while to give too much attention to the relative economy, as 
distinguished from the safety and convenience of rival systems 
of transmission, where the superiority claimed over one system 
by the other is, perhaps, not more than 10 or 20 per cent. 
Having got economical steam-engines, the next step is to have 
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the compressors with air-tight pistons and valves, taking care that 
the inlet and 4elivery valves are of sufficient size. 

The inlet valve must be open to the atmosphere, so that the 
air may enter cold, and not be taken from a warm engine-room ; 
and the delivery port must lead straight away from the cylinder, 
so as to keep the hot air away from unnecessary contact with the 
cylinder. 

The heat produced by compression represents loss of power, 
and this loss is greater the higher the pressure. On this account, 
a low pressure, of say 30 lbs., is more economical than higher 
pressures ; but this economy is counteracted by the necessity of 
having larger pipes and larger air-cylinders than if higher 
pressures were adopted. If the air is compressed to a higher 
pressure, say 60 or 80 lbs., and used expansively, considerable 
economy may be obtained. With the ordinary mining com- 
pressors, the indicated power of the air-engine in the mine is, 
perhaps, only 20 to 40 per cent, of the steam-engine working the 
compressor. But there is no reason why an efficiency of 50 per 
cent, should not be obtained with care. 

The student may derive some information on the compression 
of air and the working of air-engines by the study of the diagram, 
I'ig. 483^7. This shows what takes place in the cylinder of an 
air-compressor, which, for the sake of convenience, is supposed 
to be 8 feet long. When the piston has gone half a stroke, the 
pressure will be doubled ; when it has gone three quarters of a 
stroke, the pressure will be quadrupled, because the space the air 
has to occupy is one-fourth of the original space. As the piston 
gradually moves along, the rise of pressure is gradual. This is 
indicated by a curved line, which is called on the diagram the 
isothermal curve, letters j, a, <7, a. There is another curve 
marked on the diagram, called the adiabatic curve, letters by by by b. 
'The isothermal curve shows the gradual rise of pressure Witli the 
movement of the piston, supposing that the heat of air is con- 
stant throughout the stroke. But if the heat, which is always 
produced by compressing air, cannot escape, it will cause the air 
to expand, and consequently the pressure to rise. This rise of 
pressure is shown by the adiabatic curve, by by by b. If, after the 
stroke has been completed, the air is cooled, it will contract to 
the space within the isothermal curve. And the area enclosecl 
between the isothermal curve and the adiabatic curve represents 
power that has been wasted during compression, due to the heat- 
ing of the air (this heat being lost, in ordinary working, by cooling 
in the air-pipes). Supposing that the engine had stopp^ just as 
it completed five-eighths of the stroke, all the heat having been 
left in the air, the pressure in the cylinder would have been four 
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atmospheres, or 60 lbs. If the engine were disconnected from the 
compressor, and the air in the compressor now allowed to expand, 
it would push the piston back to the starting-point (it is as- 
sumed, for the sake of argument, that the piston has no friction), 
the pressure would go down to atmospheric pressure, and the 
temperature to the original temperature, all the heat generated 
by compression being reabsorbed in*the expansion of the air. If 
we now assume that the engine makes another stroke of the 
compressor, and that this time the air is cooled during com- 
pression, then the pressure will rise to four atmospheres when 


Work absorbed in friction of steam- 
engine and compressor. 

Work due to heating in compression 
(this is lost in the pipes). 

Loss of pressure in motor for want of 

Loss by friction, back pressure, incom- 
plete expansion, and leakage in pipes, 
compressor, clearance, etc. 


mm 



6 S 4 

Stroke of Engine 

Fig. 43>s.— W ork done by steam in compressing air, shown by all the shades. 


the piston has made six-eighths of the stroke. If the engine is 
again disconnected, and the air in the compressor allowed to 
expand, it will force the piston back, but not to the starting-point 
(assuming that no heat enters the cylinder), because the expansion 
of the air will cool it, and the cooling will contract it, so that the 
expansion of the air will take place as shown by the curve, r, <r, c. 
And, in order to send back the piston to the starting-point, some 
heat will have to be put into the cylinder, equal to the amount 
that was taken out during the compression-stroke. 

It is thus evident that the loss of power, due to the heat- 
ing and subsequent loss of heat, in using compressed air is 
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nearly double (say 176) the amount represented by the space 
between the adiabatic curve and the isothermal curve. The 
first loss is in compression, when the resistance to the engine is 
increased by the expansion due to heating ; the second loss is 
in the air-motor, where the expansion of the air is prevented by 
lack of heat. This loss in compression may, as already explained, 
be to some extent reduced*by a properly arranged water-spray. 
As generally made, these water-sprays have a very slight effect. 
It is stated, however, that a new water-spray has been invented 
which has a good effect. In this case, the water is forced in at 
a very high pressure, forming a very fine spray during the com- 
pression. The loss in expansion is also, to some extent, modified 
by the absorption of heat through the metal of the cylinder of the 
air-motor, and also by stoves heating the air, where the use of 
fire or open lights is admissible. Assuming, however, that the 
double loss of power is not mitigated in any way, the effect of 
first-class air-compressors and air-motors of not less than 100 
H.P. of steam, with air at an absolute pressure of four atmo- 
spheres, or a working pressure of 45 lbs., will be about as 
follows : — 

Generating engine ... 100 H.P. 

Friction of engines and compressors 20 ,, = 20 7o indicated 

power of engine. 

Loss in heat 2 1 , , = 25 7 , of power in air. 

Loss in leakage of compressor-piston, 
valves, and in clearance ... . • 4 „ = 5 7o 

Friction in pipes, length say one mile 
of 6- inch pipes ... . . • 2 ,, = of ziv. 

Leakage in pipes 2 ,, =3 L of air. 

Loss by incomplete expansion of air in 
motor .. 3 - 7. of power in air 

at motor. 

Friction of motor piston, bearings, gear- 

inc, etc S „ = 17 % of indicated 

power in motor. 

Useful effect on hauling-drum or pump .. 40 „ Thus 8 -f 40 or 48 / ol 

engine power is indi- 
— caied in motor. 

100 „ 

A system of compound compressors is sometimes adopted ; 
that is to say, the air is compressed in one cylinder, to say 30 lbs. 
pressure above the atmosphere, and is then conveyed in p^s 
to another cylinder, where it is compressed to say 120 lbs. 
between the two cylinders the air is cooled to the atmospheric 
temperature. In a similar way, the air may be u^ expansively 
in compound air-engines. The high-pressure air is used in a 
small cylinder, and the exhaust air is conveyed through pipes to a 
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larger cylinder ; but on the way it is reheated by the atmosphere 
nearly to the atmospheric temperature, and thus takes back from 
the air some ol the power lost in compression. 

In the case of engines working on the surface, the air is 
heated, by passing through a small stove, to a temperature ot 
about 300° Fahr. By this means, great economy is obtained, 
because the cost of the fuel used in the stove is insignificant 
And after allowing for the cost of this, the air-engine may indicate 
70 per cent of the power in the steam-engine. Where the use 
of such a stove can be permitted, there is little doubt that com- 
pressed air is the most economical method of transmitting power 
that is known. In coal-mines, as a general rule, the use of the 
stove is out of the question ; but it is, perhaps, nearly as safe as 
an oil-engine or electric motor, and is safer than some of the 
methods now used to prevent the freezing of the ports. 

Air-pipes, Friction. — It is important to know the quantity 
of compressed air required for any given horse-power, and that 
is shown in the following table : — 

Table XIX. 


Modes of applpng the compressed air in consumers’ engine. 


(Quantity of air at 
45 lbs. pressure 
(that IS, 4 atino* 
spheres absolute) 
required per ind. 
H.F. per hour. 


CAbE I. — Where air at 4; lbs. pressure is reheated to 320° 

Fahr., and expanded to atmospheric pressure 

Case 2. — Where air at 45 lbs. pressure is heated by boiling 
water to 212° Fahr., and expanded to atmospheric 

pressure 

Case 3. — Where air is used expan sively without reheating, 
whereby intensely cold air is exhausted, and may Sr 

used for ice-making, etc 

Case 4. — Where air is heated to 212° Fahr., and the ter- 
minal pressure is 1 1 *3 lbs. above that of the atmosphere 
Case 5. — Where the air is used without heating, and cut 
off at three-quarter stroke, as in ordinary slide-valve 
engines ... ... ... ... ••• ... 

Case 6. — Where the air is used without reheating and with- 
out expansion ... ... 


Cubic feel 
125-4 

* 45*4 

188-4 

240*6 

258-0 

331 S 


The next important (question is the diameter of the pipe re- 
quired for the transmission of a given volume of air. A good 
deal of attention has been given to this question, especially by 
continental engineers, and the general conclusion seems to be 
tliat the friction of air is governed by the same rules as those 
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which govern the friction of water; and, in fact, that the friction 
of all fluids is governed by the following rules : — 

The friction is in direct proportion to the density of the 
fluid. Thus, water being eight hundred times as heavy as air at 
atmospheric pressure, the friction at equal velocities of water will 
be eight hundred times greater than that of air. If, however, the 
air is compressed to eight atmospheres, thereby increasing its 
density eightfold, the friction of water will only be one hundred 
times as great as that of the compressed air at equal velocities. 
Following the same rule, it is found that the friction of steam 
is less than that of air, because it is lighter, the density of 
steam at equal pressures being approximately half that of air. 
It is also generally accepted that the friction is in direct propor- 
tion to the length of the pipe, the friction for 200 feet being 
twice as great as that for 100 feet. The friction is also in pro- 
portion to the internal surface of the pipe. Thus a pipe 6 inches 
in diameter will have twice as much internal surface as a pipe 3 
inches in diameter. On the other hand, the 6-mch pipe has four 
times the sectional area of the 3-inch pipe ; so that the interior 
surface of the 6-inch pipe is proportionally only half as great as 
the internal surface of the 3-inch pipe. Therefore, other things 
being equal, the loss due to friction in a 6-inch pipe will be only 
half that due to friction in a 3-inch pipe. 

It is also generally accepted that the amount of friction varies 
in proportion to the square of the velocities ; that is to say, that, 
comparing the friction of velocity 2 with that of velocity 4, it will 
be in the ratio of 2'*’ to 4% or as 4 : 16. I'hus for a double 
velocity the friction is quadrupled, and for a treble velocity the 
friction is ninefold. It is, however, held by some who have in- 
vestigated the subject, that the friction does not vary as the 
square. Mr. Edgar C. Thrupp, as already mentioned in p. 
237, as the results of experiments on water, has the following 
fonmila : — 


Flow of air in wTought-iron pipes — 

Formula, t- = - 

V - mean velocity in feet per second. 

• r diameter 
R = hydraulic radius in feet — 

^ of pi {>e i n fee t 

~ head in feet 

( X - 0-65 

For wrought iron •: C = 0*004^8^ 

I « - 1*80 
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• If the head is given (as it usually is) in pounds pressure per 
square inch, this can he turned into head in feet by multiplying 
the head in pounds by the number of cubic feet of air of the 
given pressure required to weigh 144 lbs. (that is, equal to i lb. 
per square inch for i square foot). Thus, if the pressure is 46 lbs. 
per square inch above the atmosphere, then 456 cubic feet at 60° 
will weigh 144 lbs., and if the given head is 0 0002 lb. per square 
inch, the head in feet = 456 x 0*0002 = 0*0912 feet. 

Example . — Air at 46 lbs. pressure. 

Loss of pressure per foot run = 0*0002 Ib. per square inch. 


0*0002x456 9^ 


Log 10*96 = 1*0401 
I *0401 

= 0*5778 = log VS 
Log C = 3*6800 
Log CiVS = 2*2578 


Diam. = 2 feet 

R = 0*5 „ 

Log R = 1*699 

X = 0*65 

3495 

J194 

0*699 X 0*65 = o*.45435 
1*0 X 0*65 = — 0*65 


J Log R-^ =1*80435 

Log R'*^^ = £•30435 
Log CVS = 2*2578 

Logr= 1*54655 

= 35'2 feet per second 


By means of this formula the loss of pressure in air-pipes for 
air at a pressure of about four atmospheres has been calculated for 
various velocities, the results being shown in Fig. 483A 

The student will readily understand the use ot this table. 
Suppose, for instance, that it were required to transmit the com- 
pressed air to a distance of 5000 feet, with a loss of pressure of 
5 lbs. per square inch to overcome the friction of the pipes. Then 
the required size of the pipe will be found on the line opjxisite 
the decimal figure 0*001, which means that the friction per foot 
of pipe is a pound, and therefore for 5000 feet will 

be s lbs. If the quantity of air is sufficient for say 50 H.P., 
using 300 cubic feet per H.P. per hour, or 5 cubic feet per H.P. 
per minute, or a tot^ of 250 cubic feet per minute for the 50 
H.P., or rather more than 4 cubic feet per second, it will be found, 
on reference to the figure, that a 5-inch pipe will take the air at a 
velocity of about 32 feet per second with the given head, and, the 
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area of this pipe being rather less than | of a square foot, the 
volume delivered will be rather more than 4 cubic feet per second. 
This table may be used for air at greater or less densities by 




iltering the right-hand column of figures in proportion. It mav 
ilso be used for steam by reducing the figures in the right-hana 
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column one-half. A further allowance, however, must be made 
for bends, as per the following table, which shows the loss in 
pressure for each right-angle bend for air at 46-lbs. pressure : — 

Table XX. — Additional Loss of Pressure, in Decimals 
OF A Pound, in Bends a?^d Knees of 90® due to 
Change of Direction. 


Vclocitits in feet per second. 


Vcloclt^ .. 

' 10 

20 

30 

4« 

50 

60 

70 

Bends ... 
Kneec ... 

. 0'0Ct.\2\ 

1 0 * 00 ^? 

0 * 000 Q 2 
0*01 ^2 

0*00207 
0*0297 1 

j o'O'i^C.S 
' o’oOaS 

0*00575 

0*0825 

0*0083 1 

o'lrQ ’ 

0*0113 

0*162 

Velocit> .. 

1 80 

1 ' 

100 

I 2 «J 

150 

/ 

I 1 

200 

Knees ... 

! 

' o-or47 
0*211 

1 o*oi."6 1 
1 0 2^7 j 

0-33 

1 0*519 

0*0517 

0*742 

0*0703 

0*866 

0*09? 

i* 3 » 


From experiments recently made by the author, he is inclined 
to doubt whether the friction in smooth, straight tubes increases 
so much with increase of velocity as is generally supposed. Never- 
theless, the usually accepted rule is supported by a great body ot 
practical experience. 

Hydraulic Power — In the same way as power is transmitted 
by pumping air, so it may be transmitted by pumping water. 
Water, however, is generally used at very high pressures, from 
600 to 1000 lbs. pressure per square inch, 800 lbs. being a 
common pressure. This system is largely adopted on surf^ace 
works, and to some extent in mines. 

Hydraulic pumps in the dip-workings of a mine may be driven 
by the pressure from the rising main at the pumping-shaft. 
Water is not so generally convenient for a mine as compressed 
air. Return -pipes are usually necessary for the exhaust-water. 
A leakage may cause expense ; and great care is rccjuired in its 
use, because of the great momentum of the water moving in the 
pipes, which causes it to burst the pipes if a valve is suddenly 
closed, unless there are sufficient safety-valves. The great strength 
recjuired for the pipes also makes it expensive, except in the rase 
where small pipes, say not exceeding 3 inches in diameter, 
suffice. In these small pipes there is generally a great margin ol 
strength, which is utilized in the case of hydraulic pressure. The 
reason why high pressure is used is because water is incompres- 
sible, and therefore its density is not increased by inaease of 
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pressure, and the friction is generally believed ta be proportional 
to the density. So that there is no more friction in water at 
1000 lbs, pressure than at 10 lbs. pressure, whilst the power 
transmitted by a given weight is, at the higher pressure, one 
hundred times as great as at the lower pressure. When the trans- 
mission of water-power is direct from the generating engine to 
the motor, say an underground pump, the loss of power may be 
moderate, say 15 per cent, for the generating engine, and 10 per 
cent friction in pipes, leaving 75 per cent to be utilized by the 
motor. When, however, the power is used for winding and haul- 
ing and various machines, there is great loss, because the pressure 
of the water is constant, and the power required variable, so that 
probably only about 25 per cent is utilized. 

Electric Transmission. — Within the last dozen years the 
use of electricity has been applied on a considerable scale for the 
transmission of power in mines. The use of this wonderful agent 
is one of the greatest triumphs of scientific engineering, but as yet 
its adaptation for a general system of distribution rests rather in 
the intentions of specialists than in the domain of actual practice. 

Some instances, however, may be given of what has been 
actually accomplished. At the St. John’s Colliery, Normanton, 
two coupled engines on the surface, having 22^-inch cylinders and 
4-feet stroke, running at fifty revolutions per minute, by means of 
gearing, belts, and pulleys, give movement to three series-wound 
Immisch djnamos (see Fig. 484), each about 50 H.P and capable 



Fig. 484.— Immiich dynamo. 


of giving a current of 60 ampires at 600 volts, and also one small 
compound dynamo giving a current at 155 volts. The conductors 
lead from each dynamo down the shaft to a motor in the pit, each 
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dynamo being connected with a motor. The conductors in the 
shaft are similar to those shown at A, Fig. 485, and each have 
nineteen wires of 16 B.W.G. twisted into a strand and covered 
with non-conducting composition; this is covered with twisted 


A 



Fig. 4S5.--Flectric CAbles. A : i, lead covering ; a, oaokerited hemp braidinjE and insulation ; 

3, copper conduf'tor ; a, waxed cotton braiding ; waxed hemp braiding ; r, wajced 
cotton lining ; d, thin guttapercha . c, waxed cotton lining ; /, copper conductor ; t,', 
rubber lube. 

hemp and fitted into a leaden tube by the Fowler-Waring process. 
The lead is to keep the conductor dry. Two 50-H.P. motors 
in the pit, at a distance of 500 yards from the engine on the 
surface, as measured along the conductors, give movement by 
spur-gearing belting and to two separate pumps, the horse-power 
absorbed by each pump-motor being about 35. Another motor 
of 50 H.P. is attached to a hauling-engine at the same distance 
from the dynamo on the surface. The power is transmitted to 
the drum by means of spur-gearing. The total horse-power • 
required for hauling is about 35. Electric conductors are also 
carried down an incline, and work a 30-H.P. motor and pump at 
a distance of about 1600 yards from the dynamo, one of the three 
dynamos of 50 H.P. There are also three pumps, each three- 
throw, and each driven by a 3-H.P. motor at distances of 1300, 
1400, and 2200 yards respectively from the compound dynamo. 
These are switched on or off as required. 

At the Trafalgar Colliery, in the Forest of Dean, a pump is 
worked by an electric motor, which is at a distance of 1650 yards 
from the pit-bottom, the horse-power being about 15. At the 
Fleasley Colliery, near Mansfield, the hauling-engine is driven by 
electricity near the pit- bottom, at a distance of 725 yards from 
the dynamo on the surface. Total power required for this engine 
is about 35*4 H.P. At a large colliery in Glamorganshire a 
similar snrstem is adopted. At the Cannock and Rugelcy Colliery 
electric ^olage has been adopted to the extent of 70 H.P. ; and 
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also at the West Cannock Colliery there is an electric motor at 
a distance of 1400 yards from the shaft The dynamo on the 
surface is capable of giving 48 H.P., in the shape of 65 ampfcres 
at a voltage of 550. The conductor is a strand of nineteen 
copper wires, No. 17 S.W.G. At the Shirland Colliery a motor is 
working at the bottom of a dip, pumping water at a distance of 
about a mile from the dynamo. 

In dealing with electricity, the colliery manager must bear in 
mind that he has an element capable of producing fire. The 
two conductors must be placed as far apart as possible, and per- 
fect insulation is necessary. Any failure of insulation may cause 
what is called a short circuit — that is to say, the electricity, instead 
of going to the motor and back the proper way, may leap across 
from one conductor to the other and return by a shorter road. 
This may cause great heating of the conductors, as well as fire at 
the point where the leakage occurs. There are several devices for 
stopping this short circuit, such as fusible conductors at the dynamo, 
which melt as soon as the current is greater than it ought to be. 

It must also be remembered that the spark caused by a 
severance of an electrical conductor, or by the contact between two 
bare conductors, might ignite gas. There are apt to be sparks 
at the motor, which, of course, are inadmissible in any part of 
the mine where safety-lamps are required, unless the motor is 


under the continual super- 

vision of a man to test the 

atmosphere in the same ^ 

way as if he were going to l!j 1 5 

fire a shot ^ 

There are various con- ^ < 

trivances to render spark- ^ ^ . 

jng innocuous. One of jj U 

these is Davis and Stokes’s 
patent (see Fig. 486), In 
this case the commutator, \V__J^ 

which is the place where S.ok«Wc.>-^onunuU.or. 

sparks are generally pro- 
duced, has an internal surface instead of an external surface, 
as usual, and the brushes (A A), or wire conductors that convey 
the electricity to the commutator, are inside. The commutator 
is covered up by an iron case (B B), witliin which it revolves, but 
the air-passages up w^hich air or gas could enter the chamber are 
so narrow that, if the gas entered and fired, the ^ flame would not 
flash out At the same time, the entry of gas is considered to 
be improbable. Some p>eople consider that this arrangement is 


Flu. 480 —Davis and Stokes’s safciy-tommuiator. 


quite safe. 
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There are other contrivances having a similar effect It is 
probable, however, that the prudent colliery manager will not 
introduce an electric motor into any part of a mine where the 
presence of explosive gas is a reasonable contingency. Many 
engineers, moreover, consider that electricity introduces a danger 
of setting fire to timber or brattice cloth, and object to its use 
on that account. 

There is no doubt that a fire in a mine is a terrible catastrophe, 
as the recent accident at Przibram, in Bohemia, a metalliferous 
mine where there is no fire-damp, is sufficient to prove. When 
the timber once catches fire, the current of air causes the flame 
to spread with immense rapidity, and in a few minutes the 
smoke may become sufficient to suffocate all the men in the 
return air-road, whilst the flames make the intake air-road 
impassable. 

In dealing with electricity, the question of pressure or tension 
is very important. The pressure or tension is measured in volts 
in the same way as the pressure of steam is measured in pounds. 
For working very small motors of i or 2 H.P. a low voltage is 
required, say not exceeding 100 volts. For a larger horse-power 
of say 10 or 20, a voltage of 200 or 300 may be used, and for still 
larger motors a voltage of 500 or 600 is preferred. The higher 
the voltage the greater the risk of leakage through the conductors, 
and, consequently, of fire. The lower the voltage the greater the 
cost of the conductors for a given pow'er. 

At the present time, the voltage put into mines, so far as the 
wTiler is aware, in this country does not exceed 600. Where 
the power is to be transmitted on the surface a great distance, as, 
for instance, from a waterfall to some distant mine, a very high 
voltage may be safely employed, if it is reduced before entering 
the mine to a low' voltage. A remarkable exam])le of w'hat may 
be done was exhibited in the I rankfort Exhibition of 1891. In 
this case the source of power w'as at Laufen, on the river Neckar. 
A 300-H.P. turbine (see Fig. 487) gave movement to a dynamo, 
which produced electricity of 50 volts and 4200 amp^es, or 
about 280 H.P. This passed through three copper rods, inch 
in diameter, into a transformer, w hich is a machine without moving 
parts, consisting of thick copper wires, or conductors, and thin 
copper wires. The current, passing through the thick conductors 
at a low voltage, induces a current in the thin conductors of a 
high voltage, in this case equal to 17,000 volts, at a velocity of 1 1 
amperes. Three copper wires, inch in diameter, pass from the 
transformer along telegraph-posts to Frankfort, a clistance of over 
TOO miles. At Frankfort the three thin conductors enter a trans- 
former, from which the electricity issues at a voltage of 60 by 
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three copper rods i i inch in diameter. The power developed by 
the electricity at Frankfort in working pumps and in lighting was 
equal to about 140 or 150 H.P. This is by far the most wonder- 
ful achievement in electrical transmission of power. The use of 
the small conductors reduces the capital cost to a small figure. 

The current used is not the ordinary current which has been 
used in the electrical motors already described. In those motors 


1200 I 



Laui^cn on tn« Nickak 


Tig. 487.-— l.aufcn*rrankfort. 1. bevel-gearing from turbine 300 H.P. ; 2, dynamo ; 3, 4, 

transformers ; 5, motor ; 6, shafting to pump. 


a “continuous'' current is employed, and they are “series” 
wound. The “ series ” wound motor has hitherto been con- 
sidered the most useful for mining purposes. But the current 
used in the instance given at Frankfort was an “alternating” 
current, for which the ordinary motor is imsuited, and in the 
utilization of which for motive purix)ses there are many practical 


difficulties to be over- 
come. In the in- 
stance given above, 
the motor is driven 
by the “drehstrom,” 
or “ twisting current ” 
system, which is one 
of the more recent 
inventions of elec- 
trical engineers. 

Fig. 488 is a dia- 
gram intended to give 
some idea of the ac- 



Fic 4S3. -Three-current alternating three-phase motor. 


lion of this current 

It will be seen that the three conductors are connected to three 
equidistant parts of a circle. The three currents are each con- 
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stantly varying in intensity, and arrive at their maximum intensity 
in succession. Thus No. i current produces the maximum 
magnetization first, causing the internal armature to revolve 
towards it; No. 2 then arrives at its maximum intensity, and 
continues to attract the revolving armature ; then No. 3 ; then 
No. I again. Thus the armature is attracted successively in three 
different parts, one part being always in proximity to the magnets. 
In this way a uniform movement is given to the armature. 

The inventor claims that he can make motors of the smallest 
size to work on this system, whilst, with motors of a moderate 
size, he has strong bars of copper in their construction instead of 
small wires such as are sometimes used, and that his machine is 
therefore more durable. 

There is no danger of the ordinary kind of sparking, because 
the brushes each work on a continuous brass ring, instead of 
alternately on brass and vulcanite as in the ordinary commutator ; 
it is the jump from brass to vulcanite that produces sparks. In 
the “ drehstrom motor there seems to be no spark except on 
reversing the direction of movement 

According to results obtained at Trafalgar Collier)', St John’s 
Colliery, and other collieries of which the writer has information, 
the useful effect obtained by electrical transmission, if measured 
in work done, is about 45 per cent. ; but if, instead of taking the 
work done, the power is taken as delivered into the motor 
(comparable to the indicated power of an air-motor), then the 
useful effect is about 55 per cent. This is for a short transmission 
of say 500 yards. The power absorbed by the conductor in 
electrical transmissions depends on the voltage and on the size 
of the conductor, and may be reduced to the minimum by 
sufficient capital outlay. 

The conveniences of electricity are, firstly, the small amount 
of space occupied by the motor. Owing to the high speed at 
which it works, a large power can be taken off a small pulley by 
means of a belting. Secondly, the ease with which conductors 
can be fixed and taken round comers. With conductors 
properly wound upon drums, a mile or more can be easily fixed 
in an afternoon. There are no joints to be affected by moving 
ground. Also the space occupied by the conductors is very 
small, so that if additional power is required, additional conductors, 
can be laid without difficulty. In the same way, in the productioni 
of electricity, the motor can be driven at a great number of 
revolutions, and a small engine driving it gives out a great horse- 
power, and therefore the outlay on engines is reduced to a^ 
minimum. 

For the convenience of those who are not familiar with) 



TRANSMISSION OF POWER : RODS, ROPES, ETC. 377 

electrical terminology, it may be useful to give a few definitions. 
The speed or amount of electrical current is measured in amperes, 
in the same way as the speed of an air -current is measured in 
cubic feet, or that of a water-current in gallons or feet per second. 
The tension or pressure of an electrical current is measured in 
volts, in the same way as the pressure of steam is measured in 
pounds per square inch. * 

The amount of work done is measured in ergs, in the same way 
as the work done by a steam-engine is measured in foot-pounds. 
The power of a machine is measured in ergs per second, in the 
same way as the power of a steam-engine is measured in foot- 
pounds per minute. 

Electricians have three fundamental units of measurement: 
The centimetre (for length) ; the gramme (for mass) ; the second 
(for time) ; forming the C.G.S. system. 

The resistance of any conductor to the passage of electricity 
is measured in ohms. The legal ohm is the resistance of a 
column of pure mercury i square millimetre in section and io6 
centimetres long at the temperature of 32® Fahr. 

The megohm equals i million ohms. The microhm equals 
one- millionth ohm. The legal volt is the electromotive force 
which maintains a current of i ampfere in a conductor whose 
resistance is the legal ohm. 

The electrical horse-power equals 746 w’atts. A watt is the 
power conveyed by a current of i ampere through a conductor by a 
difference of pressure (/>. potential, or “ voltage ”) between the tw'O 
ends of the conductor equal to i volt ; or, in otlier words, a machine 
is w'orking at one watt when an ampere passes through an ohm. 

By way of illustrating the above nomenclature, w'e may state 
as follow'S : The current of i ampfere at a tension of i vok 
produces a power of i watt, and since there are 746 watts in a 
horse-power, a current of i ampere at a tension of 746 volts 
gives a power of i H.P., or a current of 746 amperes at a tension 
of I yo\t gives i H.P. A current of 74*6 amperes at a pressure 
of 10 volts equals i H.P. A current of 7*46 ampferes at a 
tension of 100 volts e(|uals i H.P. Roughly speaking, a 
current of 7^ amperes at 100 volts equals i H.P. Thus a 
current of 75 amperes at 100 volts equals 10 H.P. A current of 
75 amperes at 500 volts equals 50 H.P. For electric lighting 
with incandescent lamps, a tension of from 50 to 100 volts is 
usually employed. 

A Board-of-Trade unit equals 1000 volt-ampfere hours, or 
1000 watt hours ; thus 10 ampferes at 100 volts for one hour 
equals one Board-of-Tradc unit, or a B.T. unit equals 1*34 H.P. 
for one hour. 
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A wire of given size will take a given number of arapferes ; 
as, for instance, a conductor of 19 wires, each wire 16 B.W.G., 
is suitable for say 50 ampferes for a distance of 1000 yards, 
with a loss in the conductors of say 10 per cent, of the power 
delivered. If, instead of 1000 yards, the conductor was 2000 
yards in length, it would be necessary to increase its weight per 
yard to maintain the same useful effbct at the far end in the ratio 
of I to 1*414 ; and if it were 3000 yards, the weight of the con- 
ductor would have to be increased in the ratio of i to 1732. 
Thus it seems that, for a given voltage and a given percentage 
of loss in the conductor, the weight of the conductor per yard 
varies as the square root of its length ; hence the need of high 
tensions for economical long-distance transmission by electricity. 

If the voltage of the above current is 600, the power trans- 
mitted in watts = 50 x 600 = 30,000, and in H.P. = 30,000 -f- 
746 = 40 H.P. ; but, so far as the wire is concerned, it is immaterial 
whether the voltage is 600 or 6000 or only 60. At 6000 volts the 
power might be 400 H.P., and at 60 volts the power would be 
only 4 H.P. In this resi>ect electricity resembles water, the friction 
of which, in passing through a pipe, is the same at all pressures. 
Thus in the case of the Lau fen- Frankfort transmission, the voltage 
was 17,000. It is evident, theiefore, that for economical electrical 
transmission a high voltage must be employed. Against this must 
be set the dangers and difficulties of dealing with a high voltage 
underground. The following statement shows what may be ex- 
pected in a first-class electrical installation ; — 


Generating steam-engine 
Friction of engine, belts, etc. 

Loss in dynamo, say 

Loss in conductor one mile , . 

Loss in motor 

Net |X)wer of machine, whether pump, hauling, drum, or other 


100 H.l’. 



10 ,, 


>3 »» 




10 ,, 


55 M 


Roda — Power can be transmitted to ^cat distances by lods 
from one oscillating lever to another, and in this way has in some 
cases been carried for miles over hill and dale, say from a water- 
wheel to some distant mine, as illustrated in Fig. 489. This 
method of transmi.ssion is com nonly used in the case* of pump- 
rods. Sometimes a length of half a mile of rods is taken from 
some main steam-engine down an incline. Revolving shafting 
is sometimes used on the surface for transmitting the power of an 
engine for a distance of several hundred feet. 

Wire-rope Transmission. — This is one of the chief 
systems of transmission employed by mining engineers, and 
under certaiD circumstances is the most economical method that 
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can be adopted. The writer has seen the power of a steam-engine 
on the surface transmitted to an ore-dressing plant at a distance 
of several hundred yards by means of a light steel rope inch 
diameter, driven by a pulley 16 feet diameter on the steam-engine, 
the rope making simply half a turn on this pulley, the bottom of 
the groove being lined with indiarubber so as to save the rope 
from* unnecessary abrasion ; asimilar pulley at the machinery-house 
received the power, about 100 H.P. Owing to the great speed 



Elc vati on 



Plan. 

Fig. 489. — Transmission by rods.' 


at W'hich the rope travelled —one mile a minute — the tension was 
conuraratively small ; there were no pulleys to absorb any power 
in friction, the rope being stretched in mid-air. In this case the 
loss of power would be no more than in transmitting from one 
j)ulley to another in the same room. In underground trans- 
mission the conditions are seldom so simple ; a good many 
pulleys are required, and turn-wheels, and a large percentage of 
the {K)W'er is thus frequently lost. Figs. 490 and 491 give an 
example of a rope-transmission plant erected by the writer a good 
many years ago. In this case a pair of engines on the surface, 
25-inch cylinders, 4-feei stroke, drove a 6-fcet FowdeFs clip-drum, 
round which passed a ^ inch endless steel rope. The ropes passed 
over two pulleys on the pit-frame, and underneath tw'o pulleys at 
the pit-bottom about 300 yards below, then round two horizontal 
pulleys, then along a straight road carried on rollers. At a distance 
of about 500 yards from the pit-bottom, it passed round a guide- 
wheel and a 4-feet clip-pulley connected by clutches with two 
drums, and then at a distance of about 600 yards it passed round 
another pulley, on a shaft on which were three drums connected 
by clutches as required for hauling up three inclines. This is a 
typical system of wire-rope transmission. The loss of power 

* In this figure the rods arc shown broken between each vibrating le\w, 
merely to indicate that the length of horiiontal rod is greater than can be 
shown in this scale. 


Fig. 490. 
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depends upon the care exercised in making, adjusting, and 
lubricating the pulleys and rollers. It frequently happens in 
practice that 50 per cent of the power is lost in this way; 
but the loss is generally due to want of sufficient care in the 
construction and maintenance of the machinery. A considerable 
amount of power is also lost in bending the stiff wire rope round 
the wheels, a loss which is repeated, of course, at every wheel 
round which the rope is bent, the amount of this loss being 
inversely as the diameter of the wheel (but not exactly proportional 
to this ratio), and irrespective of the angle of the bend. 

Qas and Oil Engines. — Gas-engines can be conveniently 
used on the surface, but are unsuitable for mines, owing to the 
danger from escaping gas. This difficulty is got over by the use 
of the oil-engine. This is driven by the explosion of paraffin-oil 
spray mixed with air, in the same way as gas-engines are driven. 
To start the engine a large lamp or fire is required, which is placed 
inside the base of the machine. After the engine has been started, 
the heat of the explosion in the cylinder is sufficient to warm and 
vaporize the injected oil, and there appears to be no exposed 
flame or heat capable of igniting fire-damp ; but in using this 
engine it must always be borne in mind that fire is required every 
time the engine is started. The oil-engine is now used in many 
mines for pumping, hauling, and rock-drilling. 
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CHAPTER XVIII. 

WINDLVG - ENGINES : VERTICAL, HORIZONTAL, COUPLED ; SIZE, 
POWER, SPEED ; VALVES, BRAKES, AUTOMATIC STOP-VALVES 
AND BRAKES. BALANCING, ETC. 

Winding-engines are the machines by which the mineral and 
sometimes the workmen are raised from the mine. One of the 
simplest and most primitive is the windlass (see Fig. 492). This 
may be used with one rope and one bucket, or with two ropes 
and buckets, or with one rope turned seven or eight times round 
the barrel and two buckets, but this is only suitable for a very 



Fig. 492.— Wind Ia<«: : »id<* view. 


slight depth. The windlass may be constructed with a saddle 
made of iron bars (see Fig. 493). The rope is wrapped round 
ten or twelve times, and at ea^ end is hung a bucket ; as the 
windlass is turned, the friction of the rope raises the loaded 
bucket, but the shape of the saddle prevents the rope from 
screwing itself off the end. Horse power is often applied. One 
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simple means is shown in Fig. 213; another is a horse-gin 
or drum turned by a horse (see Fig. 47,). Horse-gins are 
seldom used nowadays. ® 

Water - wheel. — A 
water-wheel is often used 
for raising the cage or 
bucket (see Figs. 494 and * 

494^). The empty cage is 
lowered down by discon- 
necting the winding-drum 
from the wheel and apply- 
ing a brake. In other cases 
the motion of the drum is re- 
versed by means of change- — 
able spur or bevel wheels, 
connecting the shaft of the 
water-wheel with the drum- 
shaft In Germany a double 

Watcr-^^heel is used (see Fk.. 492a — Wmalass* end view. 

Fig. 495 ), ^he buckets of 

one wheel fixed to turn in one direction, and the buckets of the 
other fixed to turn in the other direction. Valves turn the water- 
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the Glamorganshire mines is a water-balance (sec Fig. 496). In 
this case there are two cages ; underneath the bottom of each is 



Fig. 454.— Single \*ater-uheel. 

fixed a water-tank. The cage tank which is at the top is filled 
with water from a spout, the weight of which overbalances the 
load of coals in the other cage, which is so raised to the surface. 

On reaching the bottom, 
a valve in the bottom 
of the water-tank is 
forced open by a block 
of wood pressing against 
the valve-spindle, and 
the water escapes. The 
w^ater has to be pum[)ed 
up by a pump worked 
by the water-wheel, un- 
less there is an adit on 
the low'cr level by w hi< h 
it can escape. I'his 
method of winding is 

Fig, Singit irater wheeL ^ slow. 

steam-engine. — 

The steam-engine is now almost universally used. One hundred 
years ago the kind of engine employed was that now known as 
tile atmospheric engine. The top of the cylinder is open, and 
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FiCf 4 >5 —Double water-wheel. 


he top of the piston is subjected to the 
pressure of the atmosphere. By means 
)f the condenser, the pressure of the 
itmosphere is removed from the under- 
.ide of the piston, which thus makes 
he down-stroke. The up*stroke of the 
)iston is made by the heavy weight on 
he connecting-rod at the outer end of 
he beam. Engines of this class have 
)een frequently seen at work within the 
ast thirty years. The Boulton and Watt 
ingine has a cover on the cylinder ; the 
:on<lcnser is removed to a distance of 
> (ew feet from the cylinder. The 
ngine is generally double-acting ; that 
s to say, steam is admitted both aliove 
nd below the piston, 'I’he winding- 
inim in the atmospheric cn^ne and in 
he Boulton and Walt engine w'as on 
he second motion ; that is to say, the 
irum was on a shaft separate from the 
mgine-shaft, the movement being com- 



Fig 496.— Water-balanct. i. water 
compartment and valve ; a. cage 
for tubs; 3. valve Ufied auto- 
matioiUy at bottom. 

2 C 
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municated by spur-wheels, that on the engine*shaft being say 
one-third of the diameter of the other on the drum-sliaft, thus 
reducing the speed of the drum. In more modern times the 
drum was placed on the engine-shaft, necessitating a larger engine 

to make the winding quicker. Wind- 
ing-drums are often on the second 
motiod at the present time, when only 
a slow speed of winding is required. 
Beam-engines are sometimes, but 
rarely, used for winding at the present 
day. 

Vertical direct-acting single engines 
came largely into fashion, and be- 
Fig. 497 Fig. 40S. tween thirty and fifty years ago were 



Fig. 497.- Single %crtica! engine: probably the favouritc type. An ex- 
cndMcr' ample is shown in Figs. 497 and 498. 


Such an engine as there shown would 


have a cylinder say 30 inches in diameter, with a 5-feet stroke, 
and a rope-roll say 10 feet in diameter, or it might be of larger 
size, say 40-inch c)linder and 6-fect stroke, and a rope-roll 12 to 
14 feet in diameter. The ropes used on the engine shown in 



t IG 499 — mndmg-cnginc : single c) Under, cundcn»ing, fopc drums 


the figures being a flat iron wire rope, the diameter of the rope- 
roll increases as the rope is wound up. 'J'hcrc was a heavy fly- 
wheel on the shaft, to which a brakc-straj) was applied. 

Fifr 499 shows a large engine erected at Monkwearmouth 
Colliery about twenty-five years ago. 7 ’he winding-engine is 
direct-acting, and has a single vertical cylinder 68 inches in dia- 
meter, with a 7-feet stroke. The boiler-pressure is 20 lbs. ; there 
is a condenser in which the vacuum reaches 12k Iba The steam* 
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valves are double-beat Cornish 15 inches in diameter ; the exhaust- 
valves are the same — they lift inch. The drums for flat ropes 
are 22 feet in diameter. When the rope is wound up, the diameter 
is 25 feet ; 23} revolutions of the drum raise the cage from the 
bottom to the top. The cage is of steel, with four decks ; each 
deck has two tubs or waggons ; each waggon weighs about si 
cvvt, and holds about 8i cwt. of coal. The time occupied in each 
journey is about li minute; it takes from 8 to 10 seconds to 
run the full tubs off and empty tubs on to each tier of the cage, 
and 6 seconds tO' start at the beginning of each journey. There 
are six boilers, each 33 feet long and yi feet in diameter.^ The 
piston-rod of the engine is guided in a strictly vertical direction 
by means of a parallel motion consisting of two beams and a 
connecting link fastened to the cross-head, as shown in the figure, 
and on somewhat larger scale in Fig. 500. In this figure E 


I 



FiC Parallel mMion. A, U, fixed cuds of lesers , C. D, E, vanous positions 

of link . F IS lh« pin pasMui; ihrou*;)! cross head toimccting rod and link , C 
is ihc pin connctling lever H to the link , O is the pin conutcting lever A to 
the link. 

represents a pin through the cross hcvid of the piston-rod, to which 
is attached a link C D, which is free to revolve on the pin E; at 
C is a pin connecting the link C D with a strong lever or team 
CD; at U is a similar pin connecting the link C D with a 
similar strong lever or team A D. The beam C B turns on the 
centre B, and the team D A turns on the centre A. It will be 

• These particulars were taken in the year 187a 
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seen that the centre B is on a level higher than the centre A by 
a height nearly equal to the length of the link C D. If we 
assume that the piston is at half-stroke, then the pin E will be in 
the middle of the three places denoted by the letter E on the 
vertical dotted line. If the piston moves upward, the tendency 
of the lever B C is to pull the cyoss-head towards B, whilst the 
tendency of the lever D A is to pull the cross-head towards A. 
These two tendencies counteract each other, and the movement 
of the piston is thus maintained in a vertical line. In many 
vertical engines the piston-rod is guided by bars of cast iron, 
between which the cross-head slides ; there is, of course, friction 
between the slide and the bars, and considerable care has to be 
taken in their adjustment, in order that they shall not be so tight 
as to cause undue friction, nor so loose as to allow perceptible 
oscillation of the piston-rod. The levers used for parallel motion 
are used for working the air-pump rod, cold-water pump rod, 
valve rod, etc. 

Coupled Engines. — Winding-engines are now almost in- 
variably made in pairs with a crank at each end of the drum-shaft, 

as in Fig. 501, which represents a 
^ pair of horizontal winding-engines, with 
7 ' cylinders 36 inches in diameter, 6-feet 
stroke, rope-rolls being about 14 feet 
in diameter, the fly-wheel serving as 
Fig. 501.— Coupled enKiDcs: cranks a brake rim in the centre, flat iron 
at right angles. ^ Topcs being uscd. The 

valves, being equilibrium or double beat, are so adjusted that the 
engine-man can easily reverse or moderate the engine by means of 
the link motion. The cranks are placed at right angles, so that both 
engines can never be at the dead-centre at once. With a single 
engine it is evident that if the engine is standing, and the centre of 
the crank-shaft and the piston-rod are in the same straight line, no 
amount of pressure on the piston will move the engine, and some 
external force has to be applied to the drum to start it ; with tlie 
coupled engines, when one is on the dead-centre, the other is at 
right angles, and its piston has the maximum leverage for lifting 
the load. I'hese engines can therefore be started or sloj>pcd at any 
part of the stroke, and the starting or stopping can be made very 
gradual ; in this respect they have a great advantage over the 
single engine, which must be always brought to rest when the 
crank is nearly at right angles to the direction of the piston-rod, 
and a sudden start must be made in order to get over the dead* 
centre. For these reasons coupled engines are now universally 
employed for winding, the sectional area of the two cylinders 
being together equal to the sectional area of the single-cylinder 
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!• it/S 5<>a, 503. — Coupled engines * inverted (Harris’s Navigation)- 
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engine, supposing the stroke to be of equal length in each 
case. 

Inverted-cylinder Engines. — Figs. 502 and 503 show a 
pair of inverted cylinder winding-engines, the drum-shaft being 
near the ground-level, and the cylinder above on an iron frame. 
The engines here represented wer^ those erected at the Harris’s 
Navigation, in Glamorganshire. Each cylinder is 54 inches in 
diameter ; the stroke is 7 feet ; the cylinders are steam-jacketed ; 
the valves are double-beat, steam-valves 14 inches in diameter; 
exhaust -valves, 16 inches; trip expansion gear is applied to the 
steam-valves. The cranks are of hammered iron ; the crank-pin 
is II inches in diameter ; the shaft is of wrought iron, 24 inches 
in diameter. Bearings are 20 inches in diameter by 30 inches 
long.^ The drum is a scroll or spiral drum, 18 feet on the small 
diameter, rising by fourteen coils on the scroll to a diameter of 32 
feet The cages and bridles were each 2 tons 10 cwt., holding four 
trams weighing 2 tons, containing coal 6 tons ; total, 10 tons 10 cwt. 

Horizontal Engines. — It is now usual to lay the engines 


Fig. *^04, 



Fig. 505- 

Figs. 504, 305. — Coupled engines : horuontal (Denaby). 


horizontal on a bed of masonry, the cast-iron bed-plate being 
bolted down to the masonry, the cylinders, guide-bars, and 
pedestals bolted on to the cast-iron bed plate (see Figs. 504, 

' Above particulani and the figures were Uken from a paper for the 
Institution of Civil Engineers, by .Messrs. T. Forster Brown and O. K. Adams, 
on deep winning of coal (vol. 64, part 2 ). 
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505). The horizontal and vertical engines each have their 
advocates, and it is almost impossible to say that one class is 
better than the other. The engines shown in the figure were 
examined by the writer more than twenty years ago, and still 
continue in full work, though the machinery has since been 
modernized by the entire substitution of steel for iron in the 
ropes and cages, and in other ways. 


Table XXL— Table of Chief Dimensions, Weights, etc., 
OF THE Winding-engine (in 1870). 


Description of engine : 

Number of cylinders : 

Diameter of cylinders ; 

Effective area of cylinders together ; 
Length oi stroke : 

Pressure of steam : 

Average vacuum in condenser ; 
Maximum velocity of piston : 

Mean „ „ 

Description of valves : 

Diameter of steam-valves : 

Diameter of exhaust-valves : 

Lift oJ valves : 

Area of steam port : 

Ratio of area of port to area of 
cylinder : 

Diameter of steam-pipe : 

Diameter of exhaust-j)ipe: 

Length of exhaust-pipe : 


Number of exhaust mains : 

Maximum diameter of drums : 

Minimum ,, ,, 

Mean ,, ,, 

Revolutions per journey ; 

Mean revolutions jxrr minute . 

Weight of drums and tly-whccl : 

Weight of shaft : 

Total weight of moving parts, in- 
cluding load, etc., moving at a 
diameter of 18 feet, all weights at 
a greater or less diameter re<luced 
to their value at the said diameter : 

Total weight of moving parts, in- 
cluding ropes, pulleys, coals, 
drums, and engine ; 

Description of roj^cs : 

Weight per fathom ; 


horizontal high-pressure engine, 
two. 

40 inches. 

2490 square inches. 

6 feet. 

42 lbs. maximum observed in cylinders; 

gauge about 45 lbs. 
no condenser. 

700 feet a minute. 

360 , , , , 

double-beat brass valves, 
about 13 inches, 
about 15 inches, 
li and inch. 

about 80 square inches ; the same port 
serves for steam and exhaust 
I : 16. 

inches branch. 

10 inches. 

70 feet to fee<i water- heater with sexen 
ell>ows from right-hand engine. The 
other exhaust-pipe is shorter, 
one. 

18 feet. 

18 feet. 

1 8 feet. 

23i- 

30 * 

al>out 7 3, coo lbs. 
about 17,000 lbs. 

80, coo lbs ; equals factor of energy 
for any given velocity. 


about 1 58,000 lbs. 


round wire ropes, one iron and one 
steel. 

iron 29 lbs,, steel 23 lbs. 
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Weight of cage : 

Weight of tubs (four) : 

Weight of coals : 

Ratio of gross to net load : 

Mean speed of cage in shaft : 
Maximum speed of cage in shaft: 
Depth of pit : 

Time occupied each journey : 

„ „ in landing : 

Foot-pounds of |X)wer exerted by the 
engine each journey : 

Foot-pounds of useful effect or duty 
each journey : 

Ratio of gross to effective power : 
Ratio of maximum pressure to dead 
load at commencement : 

Boilers, description : 

„ number : 

,, dimensions: 

„ heating surface each boiler : 

,, grate surface each boiler : 

,, ratio of grate to heating 

surface : 

Maximum indicated horse-power : 


iron cage, 5376 lbs, 
about 2130 lbs. 

4480 lbs. 

2*67 : I. 

1691 feet per minute 
3080 feet „ ,, 

1351 feet. 

47 seconds. 

23 seconds. 

about 12, 000, OCX) foot-pounds. 

6,3(X),(xx) foot-pounds. 

100 : 53 
100 : 50 

plain, externally fired, egg-ended 
boilers. 

eight, seven at work. 

30 feet long by 5I feet in diameter, and 
6 feet in diameter, 
say 2QO square feet. 

35 s(juare feet 
7 : 40. 

950 If.P. 


Valves. — One of the best kind of valves for ordinary engines 
is the slide-valve. This valve is kept steam-tight against the face 
of the valve-chest by the pressure of the steam at the back. It is 
often used for winding-engines, but for engines with cylinders 
20 inches and upwards in diameter, with a steam- pressure of say 
30 lbs., or for engines of say 18 inches m diameter, with a steam- 
pressure of 60 lbs. and upwards, a good deal of power is required 
to overcome the friction of the \aUe. The amount of this power 
is of no importance when the work is done by the engine, but 
when the engine is reversed, sioj)pcd, and started, the valve has 
to be worked by the engine-man, who has to move this valve 
perhaps four or five times a minute. For this reason, when the 
slide-valve is used for large winding-engines, some contrivance is 
applied for balancing the pressure of steam so as to reduce the 
friction of the valve. Several ways of effecting this result are 
adopted, one of which is shown in Fig. 506. In this case the 
valve-box cover has a large tube standing out say 2 feet ; near the 
end of this is a thin steel diaphragm, from which a rod is con- 
nected to the back of the slide-valve. The pressure of the steam 
on the diaphragm, acting through the rod, tends to hold the valve 
off the face, but, the diaphragm being less in area than the valve, 
there is sufficient steam-pressure to keep the valve on the face. 
It is liable to rattle sometimes, when the throttle*valve is closed 
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It is, however, a general rule to use the double-beat or equi- 
librium valve, shown in Fig. 507. It has several advantages over 
the slide-valve. The distance the valve has to move in reversing 
the engine is less, say J or i ; consequently, the leverage of the 
engine-man is three or four times as great The pressure of the 
steam does not cause any friction in the movement of the valves, 
other than the friction due Mo the stuffing-boxes of the valve- 



Fic 506- — Balanced ‘'Hdc- valve. 



Fjc. 507. — EquUibnum'valve. 


spindles, which friction has also to be dealt with in the slide-valve. 
'I'hc only power required, other than that necessary to overcome 
the friction of the joints, links, levers, and of the spindle stuffing- 
boxes, is that necessary to overcome the pressure of steam upon 
the valves which are closed. There will be one valve to lift at 
once for each cylinder, so that the engine-man must have sufficient 
leverage to overcome the pressure of steam upon two valves. 
Owing to the construction of the valves, the steam-pressure, how- 
ever, only takes effect upon two narrow rings round each valve, 
say ] inch wide. Supposing the diameter of the valve to be 
15 inches inside, the circumference will be about 48 inches, and, 
being { inch wide, this gives 12 square inches of area for each ring, 
or 24 square inches for both, on which is a steam-pressure of say 
60 lbs, ; the total pressure keeping the valve closed will thus be 
1440 lbs,; as there are two valves to lift at once, the total is 
2880 lbs. pressure. If the valves lift a maximum distance of 
I } inch, the lever will have to travel say 2^ inches, and to accomplish 
that movement the engine-man will move his hand say 50 inches, 
or twenty times as far ; so that 2880 lbs. of weight has to be divided 
by 20, requiring a pressure of 144 lbs. on the lever-handle. This 
would be too great a pressure for the man to exert for the whole 
4 feet through which he moves his hand-lever ; but it has only to 
be exerted for a small fraction of i inch, because the instant the 
valve is lifted from its seat the steam-pressure gets under it, and 
the power required to lift it is then comparatively slight, and the 
force to overcome this weight of 144 lbs. is found in the momentum 
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of the levers and balance weights, which move some distance 
before the lift of the valve begins. 

Link-motion. — The valves are generally worked by means 
of eccentrics, and the engine is reversed and regulated by means 
of a link (see Fig. 508). There are two eccentrics, a and for each 
cylinder ; each eccentric-strap is connected by a rod, A and B, 
with one end of the link, / ; the valVe-rod, r, ends in a block, 
which will slide up and down in the link. When the block is at 



the bottom of the link, it is necessarily driven by the eccentric-rod 
connected to the bottom of the link. If the block is moved to 
the top of the link, it is then driven by the eccentric-rod con- 
nected to the top of the link. If the block is put in the middle 
of the link, it is not moved at all, as the link turns upon its own 
centre. If the block is moved half-way between the centre of the 
link and one end, the valves are then opened only half their 
maximum distance, and are sooner closed, giving the engine less 
steam, and thus the speed is regulated. Instead of moving the 
block up and down in the link, it is a common plan to move 
the link up and down over the block. 

It must be borne in mind that the effect of the link and 
eccentric is in practice not exactly what it ought to be, and there 
is a great variety of design in the link and connections with the 
valves in order to attain a regular and uniform action of the valves. 
For the economical use of steam and the quick working of the 
engine, it is necessary to give the valves a little ^Mead that is 
to say, the steam-valve must begin to open a very little before the 
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beginning of the stroke, and the exhaust-valve must open a little 
before the end of the stroke, say at This is necessary for two 
reasons ; Firstly, the opening of the valves is gradual, and unless 
the opening begins a little too soon, the valves will not open in 
time to their full width. Secondly, even supposing the valves to 
be opened to their full width, it is desirable that the steam should 
begin to enter the cylinder^ a little before the beginning of the 
stroke, and so cushion the piston ; and it is also desirable that the 
exhaust steam should begin to leave a little before the end of 
the stroke, and so give the steam time to get out of the cylinder 
before the piston has advanced far on the return stroke. The 
effect of want of “lead” is clearly shown in Fig. 518, where, 
owing to the steam-valve not having sufficient “lead,” full steam- 
pressure is not attained until the piston has completed one-tenth 
of its stroke, and where, owing to the exhaust-valve not having 
sufficient “ lead,” the steam never gets out of the cylinder during 
the return stroke. This is due to the high speed at which the 
engine is going at the seventh revolution. On referring to Fig. 5 19, 
where the engine is only just starting, it will be seen that, owing to 
the slow speed at which the piston is moving, there is time for the 
steam to attain full pressure at the back of the piston, and also for 
the exhaust steam to escape from the front of the piston. In 
order to give the valves the requisite “ lead,” it is necessary that 
the eccentrics should be put forward. Referring to the Fig. 508, 
the eccentrics a and b are shown with their centres c and / in a 
vertical line one above the other. This represents them wdth no 
“ lead.” In or^er to give a “ lead ” the eccentric a will have to 
be moved round the shaft h in the direction of the line e p ; and 
the eccentric b must also be moved round the shaft in the direc- 
tion of the line f q. This throwing forw*ard the eccentric gives, 
of course, a corresponding movement to the link, and through the 
block to the valve-rod and valve. The eccentrics are generally 
fixed either with a hollow key, so that they can be moved round 
the shaft to any desired jiosition by slackening the key, or are 
attached to a fixed disc on the shaft by means of a pin working 
in a slot in the fixed disc which can be tightened at the required 
position. The exact amount of “ lead ” to give a valve requires 
to be very carefully determined by drawings and models. 

In some places the engine-man is saved the labour of working 
the valves of the main engine by hand, his hand-lever merely 
giving motion to a small steam-engine (see A, Fig. 509, from a 
photogra[)h by the author), which raises or lowers the links, B, of 
the main engine. Whilst the use of this subsidiary engine to work 
the valves is often found very convenient, the generaJ practice in 
England is so to balance the valve and valve-gearing that the 
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engine-man is able to reverse the valves with ease, without any 
other pK)wer than that of bis own arm. Equilibrium-valves must 
always be so set that the steam-pressure is on the top of the valve, 
and therefore the valve cannot be opened by the steam-pressure ; 



FiC. 509.— Enginc-iiun working valves by h.in l-lever>, actuating small ogme that uorks the 

main-valves. 


thus the steam-valves open against the boiler-pressure and the 
exhaust-valves open against the cylinder-pressure, so that, no 
matter how much the steam in the cylinder is compressed, it will 
not open the exhaust. This is essential to safety, though some 
engine-makers have failed to understand the necessity for this 
arrangement 

Instead of lifting the equilibrium-valve spindles by levers, they 
are sometimes lifted by wedge-shaped slides, as shown in Fig. 508, 
letters W, \V.‘ The effect of these wedge-slidcs is not merely to 
open the valves, but to close them, so that there can be no possi- 
bility of a valve sticking open. This seems to be a great advan- 
tage. In order that these wedge-shaped slides may lift the levers 
without much friction or throw an undue lateral strain on liie 
valve-spindle, friction-rollers,^ are fixed on the spindle, against 
which the wedge or incline plane presses. The valve-spmdle is 
also guided by a vertical slide, /, to counteract the effect of the 
lateral thrust of the wedge-block. These wedge-blocks can be 
moved on the horizontal rod to any position, so as to give the 
desired lift of the valves and best cut-off of the stearn-valve. 

Expansion-valves.— There is great economy in working 
steam expansively ; to do this the steam-valve must be opened as 
wide as possible at the beginning of the stroke, so as to admit 
steam to the cylinder at the full boiler-pressure. When the 

’ Sketched from engines erected hy Messrs, Robert Daglish snd Co. 
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piston has travelled from one-quarter to one-half of its stroke, the 
steam-valve is suddenly closed, the rest of the stroke being 
accomplished by the expansion of the steam ; this may be accom- 
plished, with a double-beat valve, by the use of trip-gear, a 
lengthened description of which would be out of place in an 
elementary treatise. 

Methods of working wirfding-engine valves with variable ex- 
pansion have been devised by Guinotte, Audemar, and others 
Cam-gear. — On the continent it is quite common to work 
the valves by means of cam-gear instead of link-motion. Fig. 
510 shows a method of doing this. By means of bevelled 



Fk.. 5 to.— Sliding cam-vaUe gear for umding-engines. r, rods to open the valves. 


gearing, A, from the drum-shaft, rotar}' motion is given to a long 
shaft, B, which passes by the side of each cylinder ; on this shaft 
is a sliding cylinder, C, with cams, two for each valve. A rod 
from each valve rests upon a cam. As the shaft revolves, the 
cam raises or lowers the valve-rod, so opening or closing the valve, 
liy sliding this cylinder, the cams are moved from under the 
valve-rods till the valve-rods rest upon that part of the revolving 
cylinder where there is no cam, and the valves have thus no 
movement, but remain closed. The cams are gently tapered, so 
that, if the sliding cylinder is only moved a little way, the valve- 
rod rests upon the smaller part of the cam ; the steam-valve in this 
case, instead of being kc]>t open for the whole stroke, is only kepi 
open for say half of the stroke, the exhaust-valve having the same 
lift as before. engine is reversed by sliding the cylinder 

until another set of cams comes under the valve-rods, by which 
their period of oi)ening is reversed. Very little power is required 
for the reversing of the engine by this means, and the engine-man 
can regulate the amouin of expansion at will. 

Oountorbalaxioiiig. — If the winding-engine had to lift only 
one cage, it would have to be sufficiently powerful to lift the 
weight, not only of the coal, but of the waggons in which it is 
carried, of the cage, and of the whole length of the winding-rope 
down to the pit-bottom— a toul weight say three to four times as 
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great as the net load of coals. When there are two cages, one 
going up when the other comes down, they balance each other, 
and also the waggons balance, therefore the only load the engine 
has to lift is that of the coal and that of the rope. Just at the start 
the weight of the roj>e is very great, but when it is half-way the 
descending rope is as heavy as the ascending rope, and they 
balance ; but when the load of coals' is near the top, the descend- 
ing rope may very likely overbalance the load of coals, and the 
winding-engine has no load at all to lift. In order, therefore, to 
equalize the load upon the engine, balance-weights are sometimes 
used. In the Monkwearmouth engine already described (see 
Figs. 499 and 511), heavy balance-weights, composed of two 
bunches of chain cable, each bunch weighing 5 tons, are sus- 
pended in a small pit over two flat pulleys. The bunches are 
attached to a flat chain ; each chain is wound on a small drum, 
3 feet 6 inches in diameter, rising to 8 feet 9 inches in diameter 
when the chain is wound up on the main shaft of the engine. 
When the engine starts to raise a load of coals, both these 
weights are hanging in the air, and materially assist the engine 



by balancing the weight of rope hanging down the shaft ; as the 
engine proceeds and the roj>e is wound up, the balance-weights 
come to the bottom of the staple-pit, and by the time the engine 
has accomplished half its journey, the flat chain on the 8n[)all 
drums is all unwound ; as the engine goes on, the flat chain is 
necessarily wound up again ; and before the coals arrive at the 
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pit top the balance-weights are raised out of the staple-pit and are 
again hanging in the air, tending by their weight to stop the 
engines, and ready to help the engine to start on its next journey. 
Another method of balancing more recently adopted at col- 
lieries (see Fig. 512) is to fasten a rope similar to the winding- 
rope to the bottom of each cage, the rope hanging down the shaft 
under the top cage going into the sump and coming up to the 
under side of the bottom cage ; there is thus a perpetual balance- 
weight equal to the winding-rope. The balance-rope sometimes 
passes by two pulleys in the shaft-side, which guide it, and some- 
times passes underneath a large pulley, which may move up and 
down in a vertical slide. 

Scroll Drum. — Another method of balancing is by means 
of the scroll or spiral drum (see f'igs. 502, 513). In this 
latter figure the engines are a pair of 
* 36-inch cylinders, 6-feet stroke, and 
the drum is 20 feet on the smallest 
diameter, and 30 feet on the largest 
diameter. As the engine proceeds to 
wind up with this drum, the rope is fig. 51 3.-Sp£ra! or scroll drum, 
wound up in spiral grooves on a 

continually increasing diameter of drum, until it finishes at a 
diameter half as large again as that at which it started ; whilst the 
other rope, which is being lowered down the shaft, was on a large 
diameter at the start, and on a small diameter at the finish. The 
effect of this is that the rope which is being unwound goes at a 
speed of say three, whilst the rope which is being wound up at 
the start has a s[)eed of say two, and consequently the descend- 
ing waggons and rope have a leverage of three to two over 
the ascending cage, w’aggons, and rope, and in this \vay the 
weight of the rope is counterbalanced ; and at the end of the 
journey, the loaded cage is wound up on a large diameter, whilst 
the descending rope and cage are on a small diameter. This 
helps to stop the engine, a thing as difficult as the starting of the 
engine. 

Flat Ropes. — A certain amount of counterbalancing may 
be obtained in cases where the winding is done w'ith a flat rope, 
especially if this roj)e is thick, as it would be if made of hemp 
or some other vegetable fibre, such as aloe. In Belgium it is 
very common to use ropes of aloe fibre 12 inches wide and i| inch 
in thickness. If the drum makes thirty revolutions, the diameter 
wall be increased by thirty times 2i inches = 67^ inches ; thus, 
if at the start the diameter of the rope-roll was 5 feet 6 inches, 
at the finish it would be ii feet When the cage and empty 
waggons descend, they are susi>ended from a rope-roll at its 
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largest diameter, and counterbalance the weight of the rope that 
is ascending (see Fig. 514)- 

Shaft Indicators.— The engine-man must have before his 
eyes a dial-plate or other contrivance to indicate the position of 
the cage in the shaft. This is sometimes done by attaching a small 

cord to a shaft c6n- 
nected to the engine- 
B shaft by spur-gearing ; 
this cord passes over 
a pulley and has a 
weight suspended at 
the end ; this weight 
is raised up and down 
in a slide ; marks on 

LoAo«28e2 KILOS the slide correspond 

a«out l_:P bottom and 

Fig. 514.— Winding with aloe fibre in Belgium. tOp of the shaft Ott 

a reduced scale. When 



the weight is near the top, it strikes against the lever of a bell, 
and so warns the engine-man to be on the look out ; and when 
the weight is near the bottom of the slide, it strikes against 
another bell, or sometimes the cord is so attached to the drum 
that it is all unw^ound at the middle of the journey, and wound 
up again towards the end of the journey. In this case the weight 
is always at the top of the slide when either cage is at the top 
of the shaft Another kind is to fix opposite the engine-man a 
dial-plate like the face of a clock, and by means of bevelled gearing, 
connected with the main shaft of the engine, a pointer is made 
to revolve, and show on the dial face the position of the cage, 
and when it is near the top a bell is struck. 

Regulator. — Every winding-engine is fitted with a regulator 
or throttle-valve, by which the engine-man can shut off steam 
altogether, or let it on in some small proportion. Sometimes 
this valve, which is usually a double-beat valve, is prevented from 
entirely closing, so that it may be more easily opened wide by 
the engine-man. 

Brake. — Most winding-engines are fitted with a foot-brake, 
that is to say, a brake on the drum, the lever operating which is 
under the engine-man's foot, so that, whilst both his hands are 
engaged, one with the regulator valve and the other with the 
reversing lever, he may l>e able to apply the brake with his foot. 
Most large winding-engines also have a steam-brake, w^hich is 
similar to the foot-brake, except that the pressure is applied by 
steam. The steam^brake is sometimes applied by hand, and 
sometimes by foot llie same brake-strap is often l^th foot and 
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Steam brake, the foot lever and the steam-engine lever being both 
connected, so that the foot can apply the brake first, the steam 
being only used occasionally. A powerful steam-brake is shown 
in Fig. 515, described further on. 

Automatic Overwind Prevention.— Some winding- 
engines are fitted with apparatus to stop the engine in case the 
engine-man should forget, of be unable, to* stop it at the right 
place. Some of these are designed on the principle that the cage, 
when lifted up above the pit-bank, shall come in contact with a 
lever, a rod from which is connected with the steam-valve and 
the steam-brake, and first shuts off steam and then applies the 
brake. 

A very good apparatus to prevent overwinding has been 
designed by Monsieur K Reumaux, the chief engineer of the large 
collieries at Lens, in the north of France. This design is shown 
in Fig. 515. At A is a valve-wheel, which is driven by means of 



F'lt. s»5 — Awionuiic 'i(cam-'>r.^ke and shut off (M. El. Reumaux V 


(cvelled gearing from the main shaft of the winding-engine ; 
ttached to this wheel arc tapf>cts. When the engine has gone 
ir enough, it brings the lappet against the lever of the small 
alve C, thus opening the valve and allowing the steam in the 
mall pipe 1> H to escape into the exhaust main, and thus allows 
be steam m the cylinder K to escape ; and the steam in the other 
nd of the cylinder at F then forces the piston G across the steam- 
ipe, and so closes it, shutting steam off from the engine. If the 
ngine-man has already anticipated this automatic steam-valve 
y lowering the handle *H, and so opening the small valve I, the 
team from F will have been allowed to escape, and thus the 
utomatic valve G will not move. Thus this valve only moves 
case the engine-man shall have forgotten to shut off steam by 

2 D 


1 
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the regulator, because by lowering the handle ri the lever J is 
depressed, and the throttle-valve or regulator K is closed. If 
the engine is not immediately stopped by this closing of the steam- 
pipe, the tappet M comes in contact with the lever N, opening 
the small valve O, and so permitting the escape of the steam from 
the small cylinder P. The upper part of this cylinder, Q, is in 
connection with the steam-pipe, and the small piston R is thus 
forced down, bringing with it the valve S, and so opening the 
port into the brake cylinder T, thus lifting the piston U and 
raising the levers V and W and tightening the connecting-bar X, 
by which means the brake-blocks Y and Z are drawn tightly 
together against the brake wheel. The brake can be taken off 
by the engine-man lifting the slide-valve S by means of his hand- 
lever. 

Drop Pits. — In some mines, particularly in French thick-coal 
collieries, a good deal of stone has to be lowered down the pit 
This is sometimes done by means of a single cage and balance- 
weight, the pulley or drum being stopped by means of a brake. 

Signals. — The engine-man is guided by signals which ring 
into the engine-room from the banksman, and also from the pit- 
bottom. The bells which give the signals are often worked by 
means of levers, wire-strand, and bell-cranks. Electric bells, 
however, are often used with a great economy of time. In some 
metal mines there are a great many landings between the top and 
the bottom, at which the overlookers and workmen ha\ e to get 
out, and it is convenient to be able to signal to the bank and 
engine-room from the cage. An ingenious apparatus has been 
used at the Himmel’s Furst Mine, near Freiberg. The galvanic 
battery is in the engine-house ; one pole is connected with the ‘ 
engine-cylinder, and through that with the dnim and winding- 
roj>es ; the other pole is connected with a copper strip, which is 
fastened to one of the wooden conductors all the way dowm the 
shaft ; thus if contact is made between the cage and this copper 
strip, there is a complete circuit. In order to make a signal, a 
slide on the cage is pressed by an eccentric against the cop|HT 
strip; then the signal '*key'' is pressed against a knob on the 
cage, thereby making contact. The number of times the key is 
pressed represents an equal number of signals sent to the 
banL 

Power. — It is important for a colliery manager to know the 
power required by a winding-engine, I he most practical way 
of obtaining this information is % examining the work done by 
the present engines. This has been done m the case of the 
winding-engine shown in Fig. 504 (and already described), by 
means of an indicator (see Figs. 399, 300, 301). The diagrams 
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shown in Figs. 516, 517, 518, 519, and 520, were taken from the 
engines when at work. 

Diagrams in this case were taken from both ends of both 
cylinders, which, of course, should always be done. It is advisable 
to have separate indicators at each end of each cylinder, so that 


Fig. S16. 




the i)ipe leading from the cylinder to the indicator should be as 
short as possible. This is better th.nn the practice sometimes 
adopted of having a “ breeches ” pipe connecting both ends of 
the cylinder, in the centre of which the indicator is placed. 
Diagram Fig. 516 shows every revolution of the engine from the 
start to the finish of winding up a load from the pit-bottom to 
the pit-lop, the number of revolutions being 23^. It will be seen 
that no two strokes show the same steam-pressure nor the same 
back pressure. This is due to the fact that no two strokes are 
made at the same speed during acceleration, and as the speed 
increases, the steam is unable to follow up the piston, partly owing 
to the friction in the steam-pipes, and partly owing to the want 
of time, owing to the steam-v.ahe not oj’emng soon enough, as 
already described. .And, in the same way, the back-pressure line 
rises every stroke during acceleration, because the steam is unable 
to get out of the cylinder sufficiently quickly. This would be, 
to a great extent, remedied by giving the steam and exhaust valw 
a little “ lead." It will be observed that steam is cut off at the 
beginning of the seventeenth revolution, and that no more steana 
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is given to accelerate the engine after the conclusion of the seven- 
teenth revolution. The engine has now attained its maximum 
speed, and it is necessary to endeavour to stop it. This is done by 
reversing the engine, throwing the steam -pressure from the boilers 
against the advancing piston, which causes the back-pressure 
lines to rise up, crossing the steam-pressure lines as shown in the 
strokes marked counter-pressure, which represent the pressure 
against the piston. These counter-pressure strokes do not 
represent any corresponding consumption of steam, as the steam 
in the cylinder is simply forced back again into the steam-pipes. 
Two counter-pressure strokes are shown separately in Fig. 520. 
The working of the valves and the effect of speed is shown in 
Figs. 517, 518, 519. On referring to the scale, it will be seen 
that the pressure in the cylinder at the beginning is about 43 lbs., 
whereas when the engine has attained full speed it is only about 
23 lbs., and at the same time the back pressure in the cylinder 
on return stroke at full speed does not 
fall below 7 lbs., whilst the average 
back pressure for that stroke is a great 
deal more. 

The speed of the engine was measured 
by an instrument which the writer con- 
structed, called a velocimeter (see P'igs, 

522 and 300). By this apparatus, a strip 
of paper is drawn under a pen attached 
to a lever, so that a mark is made every 
second on the paper. I'he strip is drawn 
by the engine, and the faster it goes the 
greater the distance the marks are apart 
d'his is shown on Figs. 300, 521, and 

523 on a reduced scale. On referring 
to F'ig. 521, where the strip of paper 
is shown coiled up, it will be seen that 

during the first revolution the pen has made six marks, showing 
that 6 seconds were occupied in that revolution; during the 
second revolution the pen made two marks, and the paper 
was drawn halfway towards the third mark, showing that 2 ^ 
seconds were occupied during that revolution; during the third 
revolution the pen made also tw'o marks, and it will be seen that about 
ij second were occupied in that revolution; during the fourth 
revolution the pen also made two marks, and it will be seen that 
the time occupied was about i| second; during the fourteenth 
revolution the pen only made one mark, and the time occupied 
was very little more than i second; during the twenty-fourth 
revolution, when the engine was being brought to a stop, the pen 
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Fig 5J2- — The velocimeter. 
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made seven marks, showing that 7 seconds were occupied in that 
revolution. 

By means of the indicator-diagrams the steam-power employed 
was calculated and was drawn on the exj)lanatory diagram (Fig. 
523), and shown by the line on which the following words are 
written : “ Line showing indicated steam-pounds for each revo- 
lution of the engine.” The horse-power of the engine is also 
shown on another line. This was obtained with the aid of the 
velocimeter diagram, showing the time in seconds for each 1 evo- 
lution. By means of the speed of the piston calculated to feet 
per minute, and the steam-pressure and cylinder area in square 
inches, the horse-power is calculated and marked in the figure ; 
the dead weight to be lifted is ascertained, and the work done in 
lifting every revolution is found by multiplying the dead weight 
by the distance travelled, the distance being in this case (the drum 
being plain for round rope) the same every revolution, though the 
weight varies every revolution, because one rope is being wound 
up as the other comes down. The work done in lifting the dead 
weight is shown by the line with the following words : “ Line 
showing power in foot-pounds required to balance the weight 
of coal and rope.” It will be seen that this power is about 
600,000 foot-pounds the first revolution, and that by the end of 
the journey the weight of the descending rope actually over- 
balances the coal to be lifted. In addition to the weight to be 
lifted, there is the friction, the amount of which is shown on the 
diagram. But the work done in the first revolution is 500,000 
foot-pounds more than that required to lift the load and overcome 
the friction ; this extra power is expended in giving velocity. The 
power theoretically required for acceleration was also calculated 
from the weights of the moving parts and their velocities as 
measured. It will be seen from the diagram that a great deal of 
power is required to give velocity, that the engine has to be 
reversed to stop it when it has made sixteen revolutions, and that 
a great deal of back pressure is required to bring the machiner)' 
to a stop. It will also be seen that a great deal of power was 
lost in driving the steam out of the cylinder. This might be 
obviated, partly by altering the adjustment of the valves and 
j)artly by adopting some system of exjmnsion, and very likely this 
may have been remedied since these diagrams w'ere made. 

Fig. 524 shows a similar diagram for the Monkwearmoulh 
engine, already described in pp. 386 and 398, and Figs. 499 and 
5 1 1, but the line representing the power required to lift the 
weight of coal and ro|>es, instead of being a straight line, is very 
much bent This is due to the action of the balance-chains 
which facilitate the starting and stopping of the engine. (If there 
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were a third balance-weight equal to one of the other two, the 
doited line represents the power that would then be required to 
lift the weight of coal and rope.) 
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It will be seen that at the start the power required to lift the 
load is equal to about 500.000 foot-pounds per revolution, while 
at the end it is about 260,000 foot-pounds per revolution. Follow- 
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ing out the action of the balance-weights, it will be seen that the 
load-line quickly falls during the first five revolutions, owing to 
the winding up of the rope with the loaded cage and the descent 
of the rope with the empty cage. By the end, however, of the 
fifth revolution, the balance-weights have begun to rest at the 
bottom of the staple-pits, and by the beginning of the eighth 
revolution both bunches of chain cables are resting on the ground ; 
thus their weight no longer assists the engine. As the load-line 
has risen up to as much as it was at the start, again \i quickly 
descends, ownng to the winding up and unwinding of the ropes, 
till at the beginning of the twelfth revolution the engine begins to 
pick up the flat chain, which causes a slight increase of the load. 
Again, however, the load-line falls by the winding and unwinding 
of the ropes until the end of the sixteenth revolution, when the 
bunches of cable are partly lifted, and as they are raised from the 
bottom the load against the engine increases till the beginning 
of the nineteenth revolution, w'hen both balance-weights are 
suspended, and again the load-line begins to fall. It must be 
noticed that, in a great measure owing to the balance-weight, less 
counter-pressure is required in this case to stop the engine than 
was necessary w’ith the Denaby engine. 

Fig. 525 show s a similar diagram for the Douglas Bank Colliery. 
In this case a spiral drum is used, giving a more even load-line 
than in the case of the other tw^o. This engine was a coupled 
horizontal engine, tw^o cylinders, each 30 inches diameter and 
5-feet stroke ; maximum pressure in cylinders, 49 lbs. ; maximum 
velocity of piston, 462 feet a minute; mean velocity, 260 feet a 
minute; the minimum diameter of the drum, 18 f^eet, and the 
maximum diameter, 25 feet 4 inches; weight of drum about 
82,000 lbs. ; total weight of moving parts, including engine, 
drum, ropes, pulleys, chains, and coals, 133,900 lbs. ; steel-wire 
ropes, II lbs. per fathom; cage, 2240 lbs. of steel, containing 
4 tubs, each weighing 336 lbs. and holding 6 cwt. of coal. Depth 
of pit, 1530 feet; time of winding, 52 seconds. 

It will be observed that the larger diameter is only about 
29 per cent greater than the smaller diameter. In the case, 
however, of the engine at Harris’s Navigation (Figs. 502 and 503), 
the maximum diameter of the drum is 32 feet, and the minimum 
diameter is 1 8 feet, or nearly 44 per cent, less than the maximum 
diameter. The consequence of this increased difference is a 
more effective balancing, the power required to lift the load of 
coal and ropes being nearly even throughout the journey. 

This is proved by the following calculations, which show the 
work to be done by the engine in lifting the dead load during the 
first revolution, the midcUe revolution, and the twenty-fourth 
revolution. 
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Fic. 525. — Winding-engine, Douglan Hank Colliery Lxplanatory diagram. Each dotted rect.nnglc contains 100,000 foot-poonds* 
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The work done in lifting the dead load is calculated in foot* 
tons as follows : — 


First Revolution. 


Tons. 


Average circum- 
ference of drum. 


Loaded cage and rope i6 o X 18*5 x 3*i4 t= 
Empty cage and rope 475 X 32*0 X 3*14 = 


930 

476 

45 t 


Work done in lifting the 
dead load on the en- 
gine in foot*tons per 
revolution. 


Middle Revolution. 

Average circum- 
ors. fcrencc of drum . 

Loaded cage and rope 13 75 X 30 5 X 314 = 1317 \ 
Empty cage and roi>e 7*75 x 29 5 x 3*14 = 720 I 

597 ) 

Twenty-foi rth Revolution. 

Average circum- 
Tons. fcrcnce of drum. 

Loaded cage and rope 1075 x 32 x 3*14 = 1079 ^ 
Empty cage and rope lo o x 18*5 X 3*14 = 581 I 

498 ) 

The above weights are made up as follows 


454 


597 


498 


First Revolutio.n. 


Cage and chains 
Tul>s ... 

Coal 

Rope 


Middle Revolution. 


Loaded cage. 

Empty cage. 

Loaded cage. 

Empty cage. 

tons. cwt. 

tons. cwt. 

tons. cwi. 

tons. cwt. 

. 2 10 

2 

10 

.. 2 10 

2 

10 

. 2 0 

2 

0 

2 0 

2 

0 

. 6 0 

0 

0 

60 

0 

0 

. 5 10 

0 

5 

3 5 

3 

5 

16 0 

4 

*5 

*3 «5 

7 

*5 


Twenty-fourth Revolution. 


Loaded cage. Empty cage 


Cage and chains ... 

tons. 

2 

cwi. 

10 

totis. 

2 

cwt, 

10 

Tul>» 

2 

0 

2 

0 

Coal 

6 

0 

0 

0 

Rope 

0 

5 

5 

10 


10 

15 

10 

0 


It is evident, from the above calculations, any alteration in 
the section of the rope, or weight of cage, tubs, and coal lifted, 
will materially affect the dead load on the engine. 

Engine Power. — From these diagrams it may be seen that 
the total power required by an engine is from two and a half to 
three times that which would be necessary merely to balance the 
dead weight, and that at least as much power is expended at the 
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start in giving velocity as in lifting the load This is not only 
because of the high speed attained, which in some cases reaches 
a mile a minute, for the cages in the shaft, but because of the 
short time allowed for attaining such a high speed. Engines are 
often going at a great velocity within ten seconds of starting, and 
within thirty seconds have reached nearly their full speed, though 
this speed continues to increase until the steam is shut off. 

Lubrication. — It is important that all the parts of a winding- 
engine should be well lubricated to reduce the friction. Thirty 
years ago tallow was almost universally used for lubricating the 
valves and piston. It has, however, been found that tallow has 
an injurious effect when used inside a steam-cylinder, corroding 
the metal. Mineral oil or grease is now generally used, some 
heavy oils being specially made suitable for the interior of valve- 
chests and cylinders. Mineral oil is also chiefly used for the 
slides and bearings. Metallic packing has also come into use 
for the stuffing-boxes, and some engineers prefer it to all kinds of 
soft packing. 
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CHAPTER XIX, 

PIT-FRAMES, PULLEYS, CAGES, WATER-TANKS, CONDUCTORS, 
HYDRAULIC STAGES, DOUBLE STAGES, ROPES, ETC. 

The pulleys for a winding-rope are generally of large diameter, 
sometimes reachmg 20 feet for a steel rope about or ij inch in 
diameter. The diameter of a pulley ought to be in some way pro- 
portional to the diameter of the wires of which the rope is made, 
and also in some way proportional to the diameter of the rope. 
A rope may work round a pulley only 3 feet in diameter, but it 
will endure longer the greater the diameter of the pulley. For a 

winding-ro[>e only i inch in dia- 
meter, a pulley 10 feet in diameter 
may give satisfactory results ; but 
for large collieries, with steel rojxis 
li to i} inch in diameter, the 
pulley is generally from 14 to 16 
leet It is generally made with a 
cast-iron grooved rim (see Fig. 
526), with wrought-iron arms cast 
in, and also cast into a central 
cast-iion boss. The boss is cast 

F,c.5^.-C«...ron pulley ^alveS, Split aCfOSS the 

diameter, so that the pulley-rim 
may freely contract when cooling. The two halves of the boss 
are afterwards united by wrought-iron collars shrunk on, and 
then bored and key-gated Flat rope pulleys are constructed 
in a similar manner, merely altering the shape of the groove. 
Sometimes the rim is made of wrought-iron or steel plates riveted 
together, with wrought-iron or steel arms riveted on (see Fig. 527, 
of a 2o-foot pulley for Harris’s Navigation). ' 

The deUils of this pulley are given in Fig. 527. The shaft is 
of wrought iron, 10 inches in diameter, and 4 feet 10 inches long 
over all. The journals are about 84 inches in diameter, and i a 
inches long. The boss is of cast iron, about 3 feet 6 inches in 
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^Uameter, keyed on to the shaft, wldch is tamed to fit The rim 
is carried by forly-eight round steel arms, inch in diameter. 
Tliese arms are flattened at the end nearest the rim, to which 
they are attached by small steel plates riveted on to the arms and 



Fig. 527.— Steel pulley (Harris’s Navigation). 


also on to the rim, as shown in the figure at a. The rim is made 
of two layers of curved steel plates, breaking joint with one 
another, and riveted together. The ends of the arms at the 
boss are screwed and fixed by nuts on both sides of the boss 
flange. The arms can thus be lightened to the extent requisite 
to bring the rim into a true circle. The curve of the rim is of just 
sufficient size to take the rope at the bottom, which is about 
1 3"^ inch in diameter. 'fhe pedestals have under brasses, 
hut no top brasses. Beneath the under brasses are three blocks 
of indiarubber, each two inches thick, sepanited by steel plates. 
'I'hese arc intended to act as a spring to diminish the strains on 
the rope. 

Some pulleys 20 feet in diameter have been made with cast- 
iron rims, turned in the lathe to secure perfect smoothness and 
truth in running. 

A rule sometimes given for the diameter of pulleys is eight 
hundred times the diameter of the wires of which the rope is 
made. This rule may suffice for haulage and transmission of 
power, but gives an insufficient diameter for winding-rope pulleys 
For haulage ropes of steel i inch diameter, pulleys 5 to 7 feet 
arc commonly used with good results. ^ . u 

Pit-flrAXDes. The pulleys are carried on a frame of timber 
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or iron, so that the centre of the pulley is from 20 to 80 feet 
above the level of the bank. The height of the pulley above the 
bank depends, first, on the height of the cage (thus a four-decked 
cage may be 20 feet in height) ; next, on the length of the chains 
by which the cage is suspended from the rope ; third, on the 
safety-hook and catch-plate, requiring, with the cage-chains, another 
height of 12 or 14 feet. There shoi’ld also be room to raise the 
cage above the bank whilst the other cage is being lowered into 
the sump, say 6 feet; adding half the diameter of the (say i6-feet) 
pulley, 8 feet, gives a total minimum height from bank to centre 
of pulley, 48 feet The height of pit-frames at large collieries is 
often from 60 to 80 feet above the bank. Wrought-iron pulley- 
frames are sometimes in the shape of a plate girder (see Fig. 



Fig. 5j8. — Pit-fraroe, plate girder (Hawircl;. 


528), and sometimes of a lattice girder (see Fig. 529), sometimes 
a box-girder and lattice-girder frame combined (see Fig. 530), and 
sometimes the upright and backstays are cylindrical plate-iron 
riveted columns, similar to ships’ masts. Examples of wooden 
pit-frames are shown in Figs. 531, 53 x<^. 

Bope*«ock6l-— The attachment of the winding-rope to the 
cage may be done in several ways. The end of the rope is some- 
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times, in the case of flat ropes, turned round a grooved link and 
clamped, as shown in Fig. 532. More often the end of the rope 
is put into a socket made of 
wrought iron (see Fig. 533), 
which is larger at the bottom 
than the top. The socket is 
generally split, and has a 
loop at the bottom through 
which a shackle can be 
placed connecting it to the 
cage-chains ; about 4 feet of 
the rope-end is untwisted, 
and the part above is bound 
tightly round with copper 
wire. The ends of the 
wires are now turned back, 
some of the wires for the 
whole 4 feet, others are cut 
off rather shorter, and in 
this way a lump is formed 
at the end of the rope where 
the wires are bent round. 

The wires so bent back are 
then closely bound round 
with wire ; this is placed in 
the socket ; over this 
wrought-iron rings are tightly 

hammered dowm, closing the I.,c. 5a9.-Pit-frame. Uiucc girder (Mansfdd). 
two sides of the socket, so 

that the rope cannot be drawn through. Sometimes the two 
sides of the socket are closed by rivets ; a pricker is put through 



- ar» - 



- SJ 

Fio. ' -~Pit«fraine, lattice girder (HarnCs M avi|;^tioik). 
E, box girder , L, latuce girder ; C, screens. 


the rope to open a way for the nvet. A solid socket is some- 
times used, in which the rope jams itself. A rope is more likely 
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to draw through the socket than to break, and, unless the socket 
is well fastened on, the rope is very likely to draw out. When 
the wires of the rope-end are bent back, the part of the rope 
above is often not bound with wire, but the ends of the wires 



Fig. 532.-— Ropc-clamp for rope ; », collars; 3, cone 

flat rope round which wires are 


turned back ; 4, wires 
turned back over cone ; 

5, for cage aiiachmenu 

are threaded into the rope, so that they are fast Another 
method is to slip an iron cone over the rope-end ; the wires are 
bent back over this cone, and then bound with wire ; this is then 
placed in a conical socket, as in the case above described. Some- 
times the ends of the wires are bent back forming a cone, which is 
drawn into a conical iron socket ; melted white metal is then poured 
into the socket, which firmly fixes the wires. This plan is adopted by 
Professor Goodman when testing ropes at the Yorkshire College. 

Quality of Ropes. — Fifty years ago hemp ropes were gene- 
rally used; they were superseded by iron-wire rop)es. About 
twenty-five years ago steel ropes were introduced ; these are used 
almost universally (in England), to the exclusion of any other 
kind, and the strongest kind of steel, called in the trade “ plough 
steel, is now frequently employed. The advantage of the best 
steel is that a light rope suffices, thus reducing the strain upon 
the engine and upon the break ; and steel endures much longer 
than iron, thus there is great economy. The strength of steel 
ropes is given in the lists of various makers, from which the 
following table is extracted : — 

2 £ 



TAm.E XXII.— Table of Round VVirf Ropes. 
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Tbt fdlowing rules give roughly approximate results, and will 
be easily remembered (i) To find the weight of a round wire 
rope made in the ordinary way with twisted strands : The circum- 
ference in inches squared = weight per fathom in pounds. (2) 
To find the breaking strain : The weight per fathom in pounds 
multiplied by 2 = breaking strain in tons for Bessemer steel. 
Multiply by 3 for ** patent ‘crucible steel,” and by 4 for ‘‘ im- 
proved plough steel.” 

Example , — Let the wire rope be 4 inches circumference ; 
4* = 16 ; therefore the weight of the rope is about 16 lbs. per 
fathom. In the table it is given as 15*87 lbs. per fathom. 

The breaking strain for Bessemer steel =16x2 

= 32 tons. 

„ „ „ ‘-patent crucible steel” = 16 x 3 

= 48 tons. 

„ ,, „ “improved plough steel” = 16 x 4 

= 64 tons. 

On referring to the table, it will be seen that the breaking strains 
are 27*25 tons, 49*50 tons, and 66 tons respectively. 

In winding-ropes there should be a large factor of safety, in 
order to avoid the danger of breakage ; that is to say, the rope 
should be very much stronger than the supposed breaking strain. 
Thus if the load upon the top end of the rope, when the cage is 
fully loaded and the rope is all down the shaft to the bottom, is 
10 tons, the rope should be capable of 
bearing a strain of 100 tons before it will 
break, the factor of safety being 10. 

Steel ropes, as now used, are gene- 
rally made with a hemp core (see Fig. 

534), and sometimes with a wire strand 
for the core. If an ordiniu*y round rope 
is suspended over a pulley, and a weight hung at the end, the 
effect of the weight is to cause the rope to untwist. When this 
weight is a cage fastened to conductors, the rope is prevented 
from untwisting to any great extent, althbugh as soon as the rope 
gets slack, as when the cage rests on the props, it curls, twisting 
the chains, which uncurl when the weight comes on. Ropes 
have been made that will not untwist with a loose weight, such 
as a sinking-hoppet ; this is achieved by twisting the strands in 
a different way. 

There is a new kind of rope, called the “ locked coil ro]^” 
patented by Messrs. Latch and Batchelor (see Fig. 535). This 
does not untwist when loaded, and can therefore be used fbr 
sinking pits. 



Fig. 534. — Wire rope. 
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The following is a description of a rope made in 1880 for 
Harris’s Navigation, described by Messrs. T. Forster Brown and 
G. F. Adams, The diameter was about 1*9 inch. It was made 
of the best selected steel ; the gauge of the 
wire No. ii, 19 wires to each strand; six 
strands formed the rope, or 114 wires in all. 
Each strand was made by plaiting six wires 
round one wire, and then other twelve wires 
were plaited round the first group in the 
reverse way. The six strands were plaited 
round a hemj)en core. The weight of the 
rope below the pulley-sheave (700 yards) was about 5 tons. The 
calculated breaking strain was about 104 tons. The load it had 
to lift w'as as follows : Tw’o trams of coal, 3 tons ; two trams, 
I ton ; cage and bridle, 2 tons 5 cwt ; rope, 5 tons ; total, 1 1 i 
tons. It was intended at a future date to increase the w^eight of 



f 535 — Rope : Latch and 
Badielor’s locked coil. 



Fig. 536. —Cage and cxmductorf . 


coal, trams, cage, and bridle to loi tons, and it was then 
intended to use a rope of the same size as that above described, 
but to be made of the best plough steel It was also intended 
to adopt a finer gauge of wire when the grooves of the drum were 
worn smooth. 

Cages. — Cages have one, two, three, and four decks (and 
even perhaps more). Some examples of iron cages are shown in 
Figs. 536, 536(1. Fig. 536 shows a single-decked iron cage, in- 
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tended to hold two corves, each corf holding about 10 cwt of 
coal The cage is guided by four iron-wire conductors, and 
four cast-iron collars are bolted on to the top and bottom frames 
of the cage, making eight collars in all, the details of which are 
shown in the figure. Fig. 536^1 shows a double-decked iron cage, 
each deck to hold two corves, holding 10 cwt. of coal each, or 
three corves holding 7 or 8* cwt. each. The weight is about 2 


WeiCMT or Caoc 2 Tons. 



Fjg. 536a.— Doublc-dcckcd cage with three trams on a deck. 


tons. It is guided in the same way as in Fig. 536, there being 
eight cast-iron collars on tlic cage. The iron hood at the top of 
the cages is to shelter the men from falling fragments. 

Cages are now generally made of steel. One is shown in 
F'S* 537 * reduced from one in the “ Proceedings of the 

Institution of Civil Engineers,” drawn by Messrs. T. Forster Brown 
and G. F. Adams. It is 12 feet long, and 4 feet 2 inches wide ; 
will carry tw»o trams on one deck, the height over all being 7 feet 
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The hood or covering of the cage is a flat steel plate. The weight, 
without bridle chains, is 33 cwt There are six chains (called 
bridle chains) to attach the cage to the shackle. The trams raised 
in this cage are of iron, with channel-steel sills and cross-stays. 
They are 5 feet lo^ inches long over buffers, 3 feet 4 inches wide, 
and 3 feet 5 inches above the rails. The wheels and axles are of 


steel, 15 inches and if inch in 



diameter respectively, the gauge 
of the rails being 2 feet 6 inches. 
Each tram holds 30 cwt These 
were the first cages adopted at 
Harris’s Navigation, it being in- 
tended to substitute double- 
decked cages at a later date. 

Conductors. — The guides 
or conductors of a cage exhibit a 



Caoi 


Fic Cage* and wooden goides. 

guides ; shoes ; c, cross* bearers. 


FiC. 537.— Cage, waggons, and rail • 
guides (Hams's Navigation). 


preat variety of practice. In some cases round iron rods screwed 
tMether, so as to make one long rod, are stretched from top to 
bottom of the pit, and are clasped by collars on the cage. This 
is an old-fashioned practice, and very seldom adopted nowada);s ; 
the other kinds of guides being wooden guides, iron or steel wire 
gnides, and iron or steel rail guides. . 

Where wooden guides are used, one is generally placed opposite 
each end of the cage. A shoe is fitted on the top and bottom 
of the cage, and on each deck, by which the guide is clasped on 
three tides (see Fig. 536^) ; the guides are fastened by through 
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bolts to cross-bearers. T’hese guides prevent the waggons from 
running in and out of the cage, therefore at the top and bottom 
they are cut away, leaving a sharpehed end to enter the shoes on 
the cage. The cage is guided at the top and bottom by four 
wooden guides, one at each comer. The guides vary from about 
4 inches square to about 6 inches x 4 inches. They must be 
carefully examined every d^y from top to bottom. Instead of 
wooden guides steel guides are sometimes used, shaped like flat- 
bottomed, single-headed rails (see Fig. 537). Two such rails are 
fixed vertically down one side of the shaft, and fastened to cross* 
bearers. On one side of the cage two shoes on each deck clip 
the rail-head, and the cage is thus guided up and down the shaft. 
I'he other cage is similarly guided by rails on the other side of 
the shaft. 

At the Harris’s Navigation the guide rails are of steel, weigh- 
ing 60 lbs. to the yard, each length 27 feet long, bolted to wooden 
byats fixed in the shaft wall 9 feet apart from centre to centre. 
These byats are of pitch pine, 9 inches X 6 inches, 13 feet long, on 
one side of the pit ; and on the other side, 1 7 feet long, 9 inches x 
8 inches. At the junctions of the rails the byats are 12 inches x 
6 inches, and 1 2 inches X 8 inches. Each rail-end is bored out 
to receive a i-inch dowel. There is also a wrought-iron joints 
chair or shoe, clasping the bottom rail, and bolted to the byats. 
Unless there is some breakage, it is impossible for the cage to get 
out of its proper track. 

Another arrangement is to have wire ropes, or rather rods 
of thick twisted steel wire, say 7 wires, each ^ inch in diameter, 
twisted into a strand i ^ inch m diameter, stretched from the top 
of the pit-frame to the bottom. They are tightened by w'eights 
(see Fig. 538) on the bottom of the rod, say 30 cwt. or 2 tons 
on each guide ; 4 guides for each cage. At the pit-top the guides 
go through cross-bearers, above winch five or six clamps are 
secured to each guide to prevent them drawing down. A cast- 
iron collar (see Fig. 536) bolted to the cage encircles each guide ; 
these guides are, of course, capable of swinging, but with a clearance 
of 8 inches or more between the cages arc found satisfactory. Where 
guides work near together — that is, within 1 2 inches — a couple of 
flat-wire ropes are sometimes stretched from lop to bottom of the 
shaft between the guides, so as to prevent the cages from actually 
coming in contact. Sometimes only two guides are collared to 
the cage, and the other guides in the centre of the pit-stand to 
keep the cages apart. These wire guides are used at depths up 
to 900 yards ; they are very economical, and, requiring no cross- 
bearers, do not impede the ventilation, and cost but little for 
inspection and repairs. The steel-rail guides are much in favour, 
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but there is a tendency to cut the head of the rail off by wear. For 
steady winding it is essential not only to have good guides and 
collars, but to have a cage well balanced, and to have the centre 


of the pulley-wheel exactly 



Efiuiiiato Vjkw 09 3. 


FiC- 5>8.— Method of Gi%tening conductors. 
I, weight ; a, cUunps ; coiUrf ; 4, con> 
doctors. 


ver the centre of the cage when 
fixed between the guides, and 
the centre of the cage must cor- 
respond with its centre of gravity. 

Lowering - platform. — In 
winding- cages with two decks, the 
descending cage is sometimes 
lowered on to a suspend ing-plat- 
form at the bottom of the pit, 
and when the loaded tubs have 
been rim on to the bottom deck, 
the suspending-platform, which 
has been kept in position by 
balance-weights and a brake-wheel 



(see Fig. 539), is allowed to descend by releasing the brake, ami 
the top deck is then loaded. The balance-weights on the moving 
platform also serve the purpose of helping to start the loaded 
cage. The cage on the bank is stopped witli the upper deck 
resting on the props at the same time that the lower deck of the 
bottom cage is being loaded, and then, when the full waggons have 
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betn run off and the empty waggons run on, the lower deck is 
raised on to the cage-props. 

Fowler’s Hydraulic Landings.— In some cases movable 
landings are used, worked by hydraulic power. An apparatus of 
this description (see 
Fig. 540) was made 
and patented by Mr. 

George Fowler, and 
is now used at the 
Denaby Main Col- 
liery in Yorkshire, 

Cinderhill Colliery, 

Nottingham, and else- 
where ; by means of 
this three decks can 
be loaded at the 
same time by means 
of hydraulic pushing- 
rams, C C. While 
the cage is running, 
the movable landings 
A A A are lowered 
down by the hy- 
draulic lifting-rams 
H H and balance- 
weights G, to the 
main landing, L L, 
and then returned 
to their original posi- Fic. 540 — HydrauHc decks (G. Fowler). 

tion as shown in the . 

figure, readj7 for the cage again. The movable landings are, of 
course, at both ends of the cage. There is an apparatus, 3 s 
shown in the figure, for each cage at the pit-top and pit- 
bottom. By this contrivance three decks can be loaded as 

quickly as one. . 

Double Landings,— The pit-bank and pit-bottom are often 
made with' two landings, so that two decks of the cage can bt 
unloaded at once both top and bottom. This arrangement is 
very suitable for a four decked cage. If a two-decked cage is 
used, each deck must be high enough to allow head-room between 
the lanrlings. Such an arrangement o\ landings for a four-decked 
cage is shown in Fig. $4^' 

Cage-props. — The cage at the pit-top, and at the pit-wttom 
if there is more than one deck, is supported when standing, on 
catches, sometimes called props and sometimes fallcrs; an 
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arrangement of this is shown in Fig. 542. There are four 
catches, i i, for each cage, all moved by either of the levers a at, 
one on each side of the pit for each cage, so that there are four 

These catches are so arranged that 
they fall forward by their own weight 
ready to hold the cage, but if the 
cage should come up it would readily 
push them aside if the banksman 
omitted to withdraw them, though the 
cage could not descend unless they 
were withdrawn. As a rule the catches 
are underneath the bottom of the 
cage, and are made to catch against 
the end of it ; but sometimes catches 
are placed on the bank, to catch on 
the sides of the cage under the top 
hoop. In some cases catches are not 
used, the engine-man adjusting the 
cage to the bank-level without their 
aid. 

Unloading Cages. — In order to 
facilitate the unloading of cages on 
the pit-bank and at the pit-bottom, one 
side of the landing is made a little 
higher than the other, and the rails of the cage are given a little 
slope, say i inch in the length of the cage. This facilitates the 
moving of the waggons, but this i-inch slope is not so effective 
as 3 or 4 inches of slope. But it would not do to have the 
waggons standing at such an incline on the cage in the shaft, 
therefore the rails are sometimes made to lift up at one end, 
and a short iron prop is fastened on to the underside of the 
rail, which is forced up when the cage is lowered on to the props, 
so putting the rails on to an incline and causing the waggons to 
run off. 

Another contrivance has been made by Mr. Fisher, of Clifton 
Colliery, where the empty waggon on the pit-bank is lifted up by 
a small engine, and so caused to run on to the cage. 

Roofing of Bank. — In England the machinery on the bank 
is, as a rule, only partially covered, though there is a tendency 
at the present date to protect all the workmen from the rain and 
snow. On the continent it is customary to cover over the pit- 
top and pulley-frame with a substantial building, inside which 
are the pulley-wheels. 

Watar-wiiuUng. — It is often necessary to use winding- 
engines for raistng water. In order that they may do this 


lever-handles at the pit. 



i- iG 54f.~>Double iandingt. 





In a large shaft the water-tank may be made much bigger. It is 
no use having a large tank unless there are large valves by which 
it can be quickly filled and emptied. In the figure are shown 
two valves, which open as the tank goes into the water. Uj^n 
reaching the top, one of the valves is opened by a lever, B, which 
strikes against a bar, A, fixed to the pit-frame. Owing to the 
great size of the valve, the water rushes out with great speed, and 
the tank is nearly emptied in a few seconds. In a shaft not 
exceeding 500 yards deep, this tank can be dipped, raised, and 
emptied in about 80 seconds. Thus if there are two such tanks, 
they will lift together between 400 and 500 gallons a minute. 
With larger tanks and with a sufficiently powerful winding-engine, 
1000 gallons a minute can be wound. A rather ingenious device 
has l^en employed by Mr. Galloway, in his sinking at Llan- 
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bradach, to fill a water-barrel or tank without dipping il overhead. 
The tank is round and covered at the top, made of iron plate. 
At the bottom is a valve by which the water can enter, and by 
lifting which the tank can be emptied. When the tank has been 
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lowered by the winding-engine to the bottom of the shaft, it i§ 
connected by a tube and coupling-joints with an exhaustetl 
vacuum vessel in a chamber above the water ; by this means the 
water is sucked up into the tank. A small air-pump on the 
surface keeps the vacuum vessel exhausted of air. The vessel is 
an old boiler. 



429 


CHAPTER XX 

“safety-hooks” and “safety-cages/ 


In order to avoid the danger of winding a cage too high, various 
safety-hooks have been invented by which the cage is disengaged 
from the rope and suspended at the same time. 

Ormerod’s Safety-hook. — Figs. 544 and 544a show 



Fig 544 — Ormcrod'h safety-hook. 


Ormerod's safety-hook. In this case 
the winding-rope is attached to the 
link X, and the cage to the chains Y ; 
the iron collar F is fixed in a very 
strong timber bar just below the 
pulley-wheel ; the windint,-ropc jwisses 
through the centre of this collar. The 
hook is shown in working order in (i). 
The upper part will pass through the 
collar F ; but not the lower part, 
which consists of three platej held 
together by a centre pin E, and 
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maintamed in the position shown in (i) by a copper rivet i inch 
thick, P. When an overwind takes place, the lower shoulders of 
the plates H H are pressed together, shearing the copper pin P. 
This causes the shoulders K K to project, so that they cannot fall 
back through the collar ; at the same time the pin of the rope 
shackle A is brought opposite the slot in the outer plates, and so 
escapes, whilst the pin B of the lower shackle is brought opposite 
a slot in the outer plates, into which it falls, but cannot escape. 
In this way the plates are prevented from resuming iheir original 
position. For lowering down again, the rope shackle is attached to 
the shoulder R on the inner plate, by which it is lifted, the centre 
plate having a slot by which it can move over the centre pin E 
after removing the pin C. The hook can then be lowered down 
through the collar until the cage rests on the bank, when it can 
be readjusted. 

Sing's Hook.— King's hook is shown in Fig. 545. This 
consists of four plates. The hook is shown in working order in 





3 and 4. When an overwind takes place, the shoulders C C are 
forced m, and the opposite shoulders D D are forced out ; at the 
same time the hooks on the two internal plates £ £ are forced 
hack from over the pin of the rope shackle A, which is free to 
escape, but the shoulders D D, catching on the top of the plate F, 
prevent the hook from returning. The weight of the cage, being 
suspended from the pin L, keeps the shoulders forced out, and so 
prevents the cage going down. 

Either one or the other of th&c inventions is in use at nearly 



Fic. S46.— “West’s hook. 


great violence with which the overwind takes place, there is some 
liability to breakage even with the best material. 

West’s Hook. — Fig. 546 is West’s. It differs from the 


two preceding hooks in this respect ; that, 
instead of the plates revolving round a 
centre pin, they slide. There is an outer 
casing of steel, A, in which are two slides, 
B B ; the hook is shown in working order 
in (i). A strong iron plate, C, is fixed in 
the pit-frame, as in King’s, with a hole 
just large enough for the upper part of 
the hook to pass through. When there is 
an overwind, the shoulders of the sliding 
plates F F are squeezed in, and the upper 
shoulders E E forced out, so that the hook 
cannot go back ; at the same time the hooks 
H H, that hold the pin of the rope shackle 
D, are forced back, allowing the rope 
shackle to escaj^e, as shown in (2). This 
is considered a very good hook, and is used 
at many places. 

Walker's Hook. — Another hook, Walk- 
er’s (see Fig. 547), has an entirely different 
action. As in the previous cases, there is 
a collar. A, fixed to strong timbers i:: 
pit-frame ; the upper of the hook only 
can pass through this collar. The rope 
shackle-pin B is clipped by the two jaws 



Fig. 547.- Walk«r*i Mifcjy- 
hook. 
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C C, which are kept tight by the clamp D. When an overwind 
takes place, this clamp will not go through the collar, but is forced 
down, shearing the two copper pins E E, and forcing in the two 
low^er arms of the hook F F, causing the upper jaws C C to open, 
so that the shoulders at the back catch on the top of the collar, as 
shown in (2). This hook is the lightest in construction of any that 
have been made, and is in use. It has not, however, met with the 
same general approval as King’s and Omerod’s, several accidents 
which have occurred having been attributed to some defect in the 
principle of its construction. It is, however, adopted by many 
engineers of great experience in preference to any other hook. 

Safety-cages. — These are intended to obviate the danger 



ansing from a broken rope. Thev are 
only partially ado])ted in Great Britain, 
though they are generally adopted on 
the continent, where, however, safety- 
hooks are not in such general use as 
in England. 

Figure 548 shows a safety-cage 
(Owen’s). The construction will be 
readily understood. The toothed 



pjiicjii 'atciy-c.i^c 


dutches a a are pressed towards the conductors by the springs 
bb) the levers c c, attached to the toothed clutches, are con- 
nected to the winding-rope by the rods d d, so that when the 
cage is suspended, the levers compress the springs, and force 
the clutches back from the conductor. In the case of the rope 
breaking, the cage is, of course, no longer suspended, .and the 
clutches arc forced against the conductors by the springs; 
the falling cage tends to force the clutches still more tighdy 
against the conductors, and so it is siop|>e(l. There are many 
varieties of safety-r ige constnicled on the same pniuiplc; one 
of these is iihown in big 549. In this case the riiitrhes a a 
arc held in ])osilion Ijy the inclined iron channels b />, m which 
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they slide. They are forced against the wooden guide-rod c c hy 
means of the volute springs d d. When the cage is suspended, 
the rope and chains pull up the rods ee. On each of these is a 
shoulder which compresses the springs against the top of the cage. 
Upon the rope breaking, there is no longer any strain to compress 
the springs, which thereupon expand, forcing down one end of the 
lever /, and forcing up the clutches a a against the rods. The 



ill,. S 4 11 jsrtul 


figure shows one end of the cage 
clutches at the other end. 

Another safety-cage, Caiou's, . 
principle ot this is higldy in.;enioii 
keyed on a shaft, S, which is tore ' ' 
the spring c, pressing upw'ard uno > 
to the shaft S ; but the action <»i ‘ 
w'cight K, so that until that weight . 
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grasp the conductor. If the cage, however, were free to fall, 
then the weight E would not press upon the lever 1), because all 
the parts 'vould be falling together. The instant the rope breaks 
the cage is free to fall, therefore the weight E ceases to be a 
weight in reg.ard to the lever 1) on which it rests ; consequently 
the spring c acts and forces the clutch against the conductor. 
The falling cage tends to jam the ciutch still tighter, so that when 
the cage stops the weight E has no power to reopen the clutch. 
This apparatus has been used at a good many collieries. 




MINING. 


436 

pump-rods, by means of chains, a cross-piece, cut to the segment 
of a circle, being fixed on to each end of the beam, so that the 
movement of the piston and pump-rod is vertical. 

Boulton and Watt. — The Boulton and Watt engine is an 



improvement upon the Newcomen. The modern type has a 
covered cylinder and four valves, so that steam in admitted at 
each end of the cylinder in turn, the exhaust-pipe leads to a 
separate condenser, from which a passage leads 10 the air-pump. 
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I'his engine is sometimes used to give movement to a crank and 
fly-wheel, and thence by connecting-rods to beams over the pit ; 
and sometimes the outer end of the engine^beam is directly over 
tlic pit, and connected to the pump-rods. 

Cornish Pumping - engine. — The Cornish engine (see 



V 


Fig Cornish cnjjmc . scviu n 

rv-hnHrr. valve*, and air-pun. p <*, 
f i*(icr A, strani-sp.np, ur “su.tin- 
|.u L.< f ’ f (Miter case of >:caiu- 
jackwi 


Fi^'s. 551-553) made on the pi' 
differs from the modern Houiton 
valves and being single acting. Sic. 
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the piston for the downstroke; when this is completed the 
equilibrium-valve at the top of the cylinder is ojiened, and tlie 
steam from the top passes through a pipe to the bottom of 
the cylinder, thereby placing the piston in 
equilibrium. The upstroke is made by the 
weight of the pump-rods attached to the outer 
end of the beam, and the steam forced from 
the top of the piston to the under side. The 
exhaust-valve is then opened, letting the steam 
from under the piston into the condenser ; at 
the same lime, the steam-valve is opened, admit- 
ting a fresh supply of steam to the top of the 
piston, the downstroke being made partly by 
the steam-pressure, and partly by the vacuum 
in the condenser. The piston-rod is guided by 
parallel motion. A Cornish pumping-engine is 
generally considered one of the best kinds ; its 
economy, however, depends upon the observ- 
ance of well-known rules for the economical 
working of steam. 'I'he tx)iler, steam-pipes, and 
cyhndtT are carefully covered over with non- 
conducting material to prevent the radiation of 
heat ; in some cases the cylinder has a steam- 
jacket. The steam is used expansively ; that 
IS to say, the steam-valve is shut at say from 
i to of the stroke, the rest of the stroke l)emg 
jverformed by the cxj)ansion of the steam, the 
suction of the vacuum, and the momentum of 
the moving parts, d'he engine stops at the end 
of every uj)stroke of the piston, and docs not 
start again until by the operation of the cataract 
a weight is set free, which in falling opens the 
steam-valve ; the piston then goes down, and is 
I-IG, 5;j. — drawn up again by the weight of the pumps. 'J'he 

cataract is shown in Fig. 554 ; it consists of a 
little ram-pump. The ram (i is lilted up by the 
beam e by the action of the plug-rod attached to tlie engine- 
beam on the lever a as the piston goes up, and it sucks water 
from the tank //. The ram (1 is free to fall again, except for the 
water underneath it, which can only e.-^cape through a small 
Up, K. The ram fails by the action of the weight /, at a sjjced 
corresponding to the opening in this tap, which ran be regulated 
by the rod so that the ram may fall in a second or in a minute. 
When the ram lias nearly reached the bottom, the pin /// on the 
beam e lifts the rod w, and so releases a sector on the horizontal 
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axis, thus setting free a heavy weight which has been lifted up by 
the engine ; the falling of this weight by means of a lever opens 
the steam-valve. A Cornish engine is generally made with a 
stroke of from 8 to 12 feet, and with a cylinder from 40 inches 
to no inches in diamettr. A large engine is one with a cylinder 



84 inches in diameter, and ii-feet stroke. The pressure in the 

steam-boiler is from 20 to 60 lbs., and the number of strokes 

per minute from four up to eight. Six strokes is a good speed 

for an engine of which the piston travels 10 feet each way; 

when six strokes a minute is spoken of, it means that the piston 

goes up and down six times, and if 

it goes 10 feet each way, it moves 

120 feet in a minute. Fig. 552 

show.s a 'section of the cylinders, 

valve-chests, condenser, and air- 

pump. A is the steam-valve ad 

milting steam on lop of piston .v 

B is the equilibrium valve, allowin - 

stcam free passages from top 

piston to the under side ; C i.‘> 

exhaust-valve connecting bottom 

cylinder witii the condenser I>; ‘ 

is the injection of water whu m 

condenses the steam, and F is iL. 

air-pump cylinder ; Ci is tl . 

suction- valve at bottom; H, t* ' 

Imcket or piston with valves; atv* 
valves. As a nile, the water on liu 
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the upstroke, and it is therefore made to lift, so as to reduce 
the shock. 


Bull Engine. — The Bull engine (see Fig. 555) differs from 
the Cornish engine in havirtg the cylinder j)laced directly over the 
shaft, the piston-rod of the engine being connected directly to the 



r , 1 A ^ p»v ^ t‘rir r> J • ‘f-r, VI • t itij.mct(.r . It, t iw-prcvsvjn* 

V, ! , • ; - ( s t ' i cr ! * I . ft , I* Miukt of A, 

7 itCi Kji O I .itv . Jvt ttf i'. J fvet 


pump H/d. By mc.ans of a long ronnec ting-rod, a h.ilance-heam 
IS attached to the cross-head of the pi->ton-rod, and a counter 
lialanre weigiit is at the othtr c-nd. Rod-) foiin this beam work 
the valves, air-pump, etc. 'Bins engine is jiieftrred by some 
enamcer^, but the jyit-t p is less arressible ^^itn this engine over 
It than \Mlh the beam-engine. 

Barclay b. — .A n )iher arr.inucmeni U that 4i<!oplcd by Ihrclay 
Thecvlindrr is between ibc puni[> rods and the tiili mm of the 
beam.' By this arrangement the stroke of the pump rods is rather 
longer than ilut of the er gme H'lg. 55f>). 

Horizontal Engine.— As m Wiivimg-engmes, so in pumping- 
t ngines, the engine is ollen laid hori/.onlallv. A < onnecting r(><! 
from the rross-head gives inoveincnt to the pumps at the pit-top 
(see Fig Tlie horizontal engine may he similar to a Cornish 

‘ J ii. SuDpiioii, N.r, Init. 
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engine, or it may have a fly-wheel ; in this latter case the piston- 
rod comes through the back cylinder-cover, and by means of a 
connecting-rod gives movement to a fly-wheel. The fly-wheel has 
the advantage of regulating the length of the stroke, so that the 



piston must always make a stroke of exactly the same length, and 
is therefore less likely to strike against the cylinder-cover. Some 
engineers j)refcr pumping-engines with fly-wheels, and some prefer 
them without ; but it is, however, a fact that some of the finest 
examples of pumping-machinery in the country have fly-wheels, 
and that other eijually fine pumping-engines have no fly-wheels. 

Compound Pumping-engines. — The economy with which 
steam is used depends, amongst other things, on the degree of 
expansion. bi»am may be expanded twenty times in a steam- 
engine \Mih advantage, if the original pressure is high, say 100 
ll)s. or more, and there is a condenser. 'Phis high degree of 
expansion cannot be sateiy obtained with a single c)linder, 
because the admission of steam at a very high pressure to a large 
cslitvie^ puts a dangeious stiain upon the machinery. 'Phis ditfi- 
( iilty IS got over by the a loption of two or more olinchrs. The 
steam is first admitted into the smaller cylinder, where it is cut 


ofl at one quarter or half stroke , the exhaust steam Irom this 
ryhnder is then taken into a lar-e cylinder, sav rwu e the dianuter 
and four limes llie caj>acily , the txoanutu lour 

limes again, and as it was expandeo 

high-prcssiire c) linder, the total c\j<aii . 

'Phis method ot exiaiulmg is u^cd w.. 
the two rvlmdcrs side ' \ bide, as r' 

)»umping engmes by })lacing one (} ” 


Arrangement ol Pumps m k.. 

method of arranging Uk j/umps at:., 
engine. It will be seen that there 
other, eac h ram being carried on bean- 
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the bottom ram is a bucket-pump ; this bucket-pump fills the bottom 
ram cistern, the bottom ram fills the middle one, and the middle one 
the top ram cistern. Water running down the shaft-sides is con- 
veyed into the cisterns from which the rams take their supply. It 
is essential that there should always be sufficient water in the cistern 
to supply the ram on its upward stroke ; if this is not so, and the 
ram-cylinder should only be filled say three-fourths of the distance, 
the pump-ram on the downstroke would fall down on to the top of 
the water rapidly, and when it struck the water there would be such 
a concussion that the machinery would very likely be broken and 
the ram-case burst. In order to keep the latter “ solid,” to use the 
technical phrase, the lower pump is always bigger than the pump 
above, unless there is a feeder of water in the shaft-side going to 
the upper pump ; any surplus of water raised by the lower pumps 
is carried down the pit by an overflow-pipe. I'he reason for 
placing a bucket-pump at the bottom of the pit is that, in case of 
flooding, the ram and valves connected with it could not be got 
at for repairs if it were underneath the water ; but the bucket and 
clack can be drawn by means of the rods and repaired when they 
are under water. If the rods should break at the toj) they would 
not fall down the pit, because clamped to each side of the rod at 
inter\'als are packing pieces of wood, and beneath the^e are strong 
timber beams fixed into the shaft side, which prevent the rods 
from falling further than their proper stroke ; the rods are also 
guided by cross-bearers in the shaft (see P, Fig. 551) against 
which the rods may rub, and by which they are prevented from 
bending. In order to prevent the rods being worn out by fricti(;n 
against the guides, boards are fixed on to the side of the rod, 
springing a little way out from the rod at the centre, so that, 
instead of the rods touching these guides, it is these outside boards 
or rubbers, and they yield when pressed against the guides, so as 
to prevent any shock. The proper working of a Cornish pump 
depends upon having the weight of the rods properly balanced. 
The rods and pump-rams are always heavier than the column of 
water, and it is this excess of weight which causes them to go 
down j but the weight is generally too great for this purpose, and 
a balance-beam is placed at the pit-top with a balance-weight put 
in a box. The amount of this balance-weight ran be altered as 
required, the faster the engine has to work the less the balance- 
weight. hui where the pit is very deep one balance-beam is not 
sufficient, and one or more balance-beams arc ])la( cd in chambers 
in the shaft-side and attached to the rods by long ronncctmg-rods 
(see Fig. 558), so that each length of say loo yards of rods has 
a separate balance-beam ; this reduces the strain u[K)n the rods at 
the pit-top. Great attention has to be paid to the proper balancing 
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of the pumps if they are to work at a good speed without undue 
shock. Where the shaft is inclined, as in many metalliferous 
mines, the arrangement of pumps is similar to that just described, 
only the pump-rods rest upon rollers fixed on the shaft-side. 

Pump-valves. — Many kinds of valves are used* One is the 
ordinary butterfly-clack as described in sinking-pumps. Some- 
times, instead of the valves being hinged at the centre, they are 



lunged at the side of the clack-shell, 
they are often made so that the whole 
ot the hinge moving up and down in 
butterfly-valves a mushroom valve is s(>*' 
this is simply a round ph^e of iron <»’ 
loom, the central spindle woiking in > 
the shock caused hy the closing ol 
valves are generally used (see Fig. 50'" 
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shaped, and have two seats or beats one above the other; the two 
seats are in one casting, and the centre of the inner seat is filled 
with a solid plate, so that no water can pass except between the 
valve and the seats. When the valve is lifted, water passes under 
it at the inner and outer ring; there are thus two passages for the 
water under the valve as compared with only one passage where 
a simple mushroom-valve is used. For this reason the valve need 
not be lifted so high in order to give water-space, and as the 
valve is not lifted so high, it does not come down so fast when 
it closes, and therefore there is less shock. There is also less 
weight upon it, because it has only to bear the weight of a small 
ring of water. The average diameter of this ring is the average of 
the diameters of the two seats, and the width of the ring is the 
difference between the inside diameter of the upper beat and 
the outside diameter of the lower beat, and this need not be 
more than i inch ; therefore the only weight upon this valve is that 
due to this ring i inch wide, so that both the valve and the valve- 
seat last longer than they would do if they 
had to bear the whole weight of water. 
But where metal beats upon metal there 
is a tendency for the valve to get injured 
and w'orn out. This is sometimes re- 
medied by introducing a narrow ring of 
leather or of gutta-percha into the valve- 
seat, as shown in Figs. 560 and 561. If 
this is well made, it will stand a great 
deal of >vear. 

Long Lifts. — Of late years it has 
become common to have long lifts. 
Sometimes a bucket-lift is made to lift 
100 yards and more, but where there 
is a great depth there is great wear and 
tear of the buckets. Fig. 56 1 is a drawing 
Fig, 501. -Steel bucket Hith brass of a StCCl buckct USCd for a lift of lOO 
yards, 20 inches in diameter. The bucket 
is packed with brass rings. 'I he valve at the to[) is .steel lifting all 
round, but held in its place by a hinged .spindle moving in vertical 
slots at one side ; it beats upon a ring of gutta-percha. Where a ram 
pump is used, there is no limit to the height which the water may 
be forced. At the Staveley Collieries (see Fig. 562) there is a 
compound horizontal steam-engine without fly-wheel (by Hathorn 
Davey and Co. of I^eds), described by the late Mr. Humble at 
the Chesterfield and Midland Counties Institute. This engine 
gives movement to two beams with L legs ; to each of these 
beams is attached a pump-rod of pine 16 inches square. Fhe 
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rams are at the bottom of a pit 240 yards deep, and are each 
20 inches in diameter ; they each force water up one central 
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rising main i8 inches in diameter. As the pressure upon the 
valves at this depth would be very great, instead of having a large 
valve, seven double-beat valves 5 inches in diameter were used 

(see Fig. 563). By this means 
the pressure per square inch 
of valve-seat was reduced to 
A comparatively small figure, 
and at the same time a larger 
water-way was provided with a 
less height of valve-lift. 

Underground Pumps. — 
It has become quite common 
to place a pumping-engine at 
the pit-bottom, or only 5 or 6 
yards above the pit-bottom. 
This engine sucks the water 
out of the sump and forces it 
to the top in one column. 
1 his plan is adopted because 
the steam-pipes take up less 
space in the shaft than pump- 
rods, and also because in 
many cases there is no space 
at the pit-top for the erection 
of a pumping-engine. From 
some points of v iew, the pit- 
bottom is not the right place 
for a pumping-engine, because, 
if it should break down, or be 
overpowered by an additional feeder of water, it might be drowned, 
and nobody could then get at it to start it. Underground pumps, 
however, are generally used as supplementary to a pum[) at the 
surface, or where the winding-engine is capable of raising the 
water should the pump break down, or else the pumps are pro- 
vided in duplicate. The chief difference betw'cen an underground 
pump and a surface pump is, that the former has its ram attached 
to the piston-rod of the steam-engine direct, instead of through 
a long length of rods; and, for convenience of erection under- 
ground, these engines are generally horizontal They are made 
both with and without fly-wheels, and there is a great variety. 
Fig. 564 shows one with fly-wheel, which is similar to one recently 
erected by the writer (except that in the figure the engine is shown 
com|K)und) which works satisfactorily, and Fig, 565 shows a pair 
of pumps like a Worthington pump/' Underground pumpmg- 
engines are often worked by compressed air, which acts in the 



Area of each valve under pre^Mire 
of column . . . i6 9 v] n 

Total area of openings in the seven 

salves for dcli\erj* . 2236 ,, , 

Weight of clack . . . 7 lbs. 

Pressure per square inch to lift clack o 777 lb 
Diameter of pumps . . 20 in. 


Fig. 5'^3.— Siavclcy ram : small valves 
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same way as steam. 
Compressed air, how- 
ever, on its expansion 
produces great cold, 
and in some cases the 
exhaust ports are filled 
up with ice, bringing 
the engine nearly to a 
stop. 'I'his difficulty 
has been remedied in 
several ways. One way 
is to round off the 
edges of the ports. It 
has been found in some 
cases that the ice does 
not then adhere. An- 
other plan is to have 
a gas-burner or an oil- 
lam{) to keep the ex- 
haust port warm. Hot 
irons are sometimes 
sent down the shaft 
from the boiler fire, 
and placed upon the 
valve-chest. A better 
method is to pass tlie 
compressetl air through 
a small heating-stove, 
whicli enhances its 
economy of use. It is 
said by some engineer.'', 
that if air is expanded 
so as to be “ex 
hausted ” at a ])ressure 
iielow that of the at- 
mosjfiiere, no ice will 
be formed. Undci- 
ground pumping-en- 
gines are also driven 
by hydraulic pressure 
forced through pipes 
from a pum|)ing-cnginc 
at the surface. In 
some cases an under- 
ground steam-pump is 



Afire*, a, ."itr-vcsseK ; />, {nimi> , <, rondenser, (/, delix ery-pipe ; r. exhaust to condenser ; yi 
low-prcs->iirf ( ylinder , J, sluun-pipc, K, sUCtion-\al\e uo.\es ; M, dclivery-\alve bo.xes ; 
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fixed in the shaft, say 50 or 100 yards above the bottom (see 
Fig. 566), and it is supplied with water by a hydraulic pump at 



h iG —Coupled ^tcarn-plJmp, underground (W orilimgtuii^ 


the pit-bottom, which itself is driven by the pressure of water 
from the rising main of the steam-pump above. Electric pumps 

J have been introduced of late years. 'I'he 
arrangement of one, as erected by Mr. 
F'rank Brain at the Trafalgar Colliery, is 
shown in Fig. 567. This is one of the 
first, if not the first, electric pumping- 
plants in the mines of this country. 

A fine example of underground hy- 
draulic pumping-machinery is shown in 
Figs, 568 and 569. This was erected at 
the silver-lead mines of Clausthal, and 
were quite new when seen by the writer in 
1883. The engines arc at a dejUh of 680 
>ards below the surface ; the water-supply 
is obtained from re.scrvoirs on the hills 
above the mine, 'i'here is an adit driven 
from a valley 7 miles distant, which reaches 
the shaft at a height of 260 yards above 
the pumping-engine ; the pumping-engines 
"pt.'’’'' •■‘'■c thus dnvcn by w.atcT havins a head of 

680 yards, and have to raise the water to 
a height of 260 }ards. The difTercnce in pressure, 420 yards, 





Fig. 567.— Electrical pumping ii 
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is equal to about 540 lbs. per square inch. Each engine has a 
pair of horizontal cylinders 12 inches in diameter, with a stroke 
of 2 feet ; the piston-rods, 6 i inches in diameter ; the pump- 



Fig. Clausthal hydraulic pumps. 


cylinders, 13 inches in diameter. The cylinders, rods, and pumps 
are all brass. This pair of engines is duplicated by another on 
the other side of the shaft. The total cost of the installation 

was ;jri 6,000. These 
particulars were obtained 
by the writer on the spot ; 
the figure is reduced from 
a drawing jireparcd by 
Professor Oscar Hoppe. 

Another fine example 
of hydraulic pumping- 
machinery was erected in 
Derbyshire at the Allport 
Lead-mines. The water 
w\as brought from a river 
at some distance, and had 

Fig. 5e/>.—aausthaI hydraulic piimp^t shaft, and a pressure of sS Ibs. OH 
hydraulic column. ' - 

top of the mine, where the engine was erected. This was direct 
acting; the cylinder 50 inches in diameter, 10-feet stroke. 'I'he 
water was raised a total height of 132 feet by a plunger 42 inches 
in diameter; the pump-rod was 20 inches scjuare ; the pump- 
trees were 40 inches in diameter ; and, in case the mine should be 
flooded and the ram inaccessible, provision wms made for insert- 
ing a bucket 38 inches in diameter. 'J’he engine would work 
without undue concussion seven strokes a minute, and at that 
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rate would raise more than 4000 gallons a minute. Its usual 
speed was five strokes. 

Pumps placed at a great distance from the shaft in dip 
workings are often driven by endless ropes, the rope driving 
a pulley, and that, by means of gearing, giving movement to a 
revolving shaft, cranks on which drive the pum[)S (see Fig. 570). 



Useful Effect of Pumps. — In a well-arranged vertical 
pumping-engine, working in a vertical shaft about 100 yards 
deep, 80 per cent, of the power of the engine may sometimes be 
found in the water lifted. The power of the engine is ascertained 
by an indicator in the method already described for fan engines. 
The work done in raising the water is ascertained by taking the 
amount in gallons, h.nd multiplying that by 10 to turn it into 
pounds (a gallon of water weighs 10 lbs.), and multipl)ing the 
weight by the height to \Nhich the water is raised in feet: thus 
1000 gallons a minute raised 100 feet = 10,000 Ihs. raised 
100 feet = 1,000,000 foot-pounds, and this divided by 33,000 
gives about 30 H.P. If, instead of too feet deep, the mine 
had been 400 feet deep, the horse-powei . . . .. 

120, and if that is 80 per cent of 
that the indicated horse power of the -* 
be 150 The efficiency of the pump ' 
a long length of rods than with a 
bell-crank absorbs some power in . 
and pumps have more friction than ^ 
in some cases is only 50 per rent 
underground pumps raiding 1500 e 
high, the useful efrect is said to be . 
pump, and the higher the lift, the g’" 
writer observed a hori 7 ontal undcre” 
about 15 H.P., that had a useful elit* 
observed a vertical, direct-acting pum. 

20 II. P., that had a useful effect of 
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the efficiency being entirely due to difference in construction, the 
second engine having less friction. The fuel consumed by a 
pumping-engine depends on the quality of the boilers, engines, the 
pressure, degree of expansion, etc., and varies in actual practice 
from about 2 lbs. of coal per hour per indicated horse-power of 
engine up to 20 lbs. ; but a moderately good plant consumes 
about 5 lbs. of good slack per I.H.P. 

Strength of Pipes. — The pipes, clack doors, and bucket 
door-piece have to be made very much stronger than would 
appear necessary to bear the pressure of water inside, because 
the water is continually rising and falling, and sometimes it jumps 
in the pipe and falls back with a shock, calculated to burst the 
pipes, unless there is a very large margin of strength. The shock 
at the end of a stroke in a bucket pump sometimes produces a 
pressure equal to four times that due to the statical pressure. 
Thus, if the height of the lift is 60 yards, the pressure is say 
78 lbs. per square inch on the top of the bucket This pressure 
may be increased by the water falling back at the end of the 
stroke to 312 lbs. per square inch, and this pressure will operate 
upon the whole interior surface of the bucket door-piece. The 
factor of safety should be about five, so that the dimensions of 
the door-piece must be calculated to resist an internal strain of 
1560 lbs. on the square inch. The whole of this strain has to be 
borne by the parts above and below the bucket door, because 
whatever strength is gained by the bolts on the door must be 
regarded as additional security. Fig. 571 gives the strengths 
and dimensions of the pumps of a lifting set. 

Air-vessels (see Fig. 57 i<j) are often used for underground 
pumps, the engine forcing the water through a pipe underneath 
the air-vessel. With every stroke of the pump the water rises in 
the air-vessel, compressing the air ; this takes place at that part 
of the stroke when the pump-ram is delivering its maximum 
quantity of water. When it is delivering less, the expansion of 
air forces some water out of the air-vessel, thus keeping up a 
uniform flow of whaler, as well as reducing the strain on the pipes 
by preventing shocks either from the ram or the moving column 
of water. An air-vessel, to be efficient, must be kept at least two- 
thirds full of compressed air at the pressure due to the head of 
water, and the size of the air-vessel must be not less than six 
times the room occupied by the water delivered by each stroke of 
the ram. Sometimes an air-vessel is placed in the rising main of 
a vertical Cornish ram pump. An air-vessel, properly managed, 
is of the utmost importance wherever there is a single ram forcing 
through a long length of pipes. Every air-vessel should have a 
glass gauge to show the height of the water, and an inspirator, or 
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other kind of air-pump, to force m the requisite supply of air to 
keep the air-vessel properly charged with compressed air. 

Man-engine. — In many metalliferous mines the workmen 
ascend and descend the shaft by ladders. In some cases they 



Design for Bucret-door-piece 

l^orkinf> Bdrrr/ 26 dtam 
Height of WoLcr Column 333 Feet 


3 4 



lio 57X — BucV I door-piccc 

have daily to go do\\ii and to ase 
more, w^hich is a very serious labour 
kind of pumping-engine, called a m 
introduced, and is used in the miuc 
other metalliferous mines of Europe 
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in Fig. 57 1 ^. Two rods, like pump-rods, arc suspended in the 
shaft beams, similar to the pump-beams which are used 
when pumps are driven by a horizontal engine ; the pump-rods 
work alternately up and rth fSW 

down — when one goes J ^ P ill b* 
up the other goes down, ^ m p Fj ^ 

a stroke of say lo feet. ^ P w 3[i| 

In order to ascend the ^ ^ jL fT 

pit, the workman steps TX iT ^ 

on to a platform, fixed M U ^ 

on one of the rods, just m TO } ^ m I 



Fig 57i«. — A ir-vcssel 
A, gla&s gauge , B, 
inspirator , C, com- 
pressed air 


Single lift. Double liA 

Fig S 7(^ ^ Man-engine. 


large enough for one or possibly two men to stand close 
together. He holds fast by an iron loop fixed to the rod. As 
the engine at the top is continually moving, the man is no sooner 
on the platform than he is lifted up lo feet; at the same time 
that he is rising, the other rod is coming down. The instant 
he has got to the top of the stroke, he steps off on to a corre- 
sponding platform on the other rod ; he is no sooner on, than 
It goes up lo feet, vrhilst the platform he has just left descends. 
As soon as he has got to the top of the stroke he steps back on 
to a corresponding platform on the first rod, vhich is, however, 
20 feet higher up than the platform on which he first started. 
In this way he goes up to the top, first a stroke of lo feet, then a 
step off to another platform. If the pump-rods make each six 
up and down strokes a minute, and he, by changing from one 
rod to the other, makes a scries of upstrokes, he will make twelve 
upstrokes in a minute — that is to say, he will rise up at the rate 
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of 1 20 feet a minute, and if the shaft is only 600 feet deep, he 
will arrive at the top in five minutes; if it is 1500 feet deep, 
he will arrive at the top in twelve and a half minutes. Sometimes, 
instead of a double pump, there is only one, and small flat plat- 
forms are fixed on the shaft-side on to which the man steps at 
the top of every stroke, where he waits till the engine has made 
its downstroke, which brings opposite him a higher platform. 
With this single pump, it would take him twenty-five minutes to 
ascend a shaft 1500 feet deep. For descending the pit, he gets 
on to one of the pump platforms at the top, when it is at the top 
of its stroke. He is lowered down 10 feet, and steps on to a corre- 
sponding platform on the other rod when it is at the top of its 
stroke ; he is again lowered, and so on. 

This method of going up and down the shafts is much liked 
by the miners who are accustomed to it ; it is much easier than 
walking up ladders, and quicker. Practice has made them 
indifferent to the dangers of missing a step, or forgetting to keep 
their heads close to the rod when passing through a narrow 
opening in a fixed platform ; whilst the notion of being wound 
up a shaft 500 yards deep in a minute by a steel rope no thicker 
than two thumbs, seems to them a dangerous experiment. 
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CHAPTER XXII. 

TREATMENT OF MINERAL ON THE SURFACE: ORE-DRESSING, 
LEAD, TIN, AND GOLD, COLLIERY SCREENS, COAL-WASHING, 
COKE-OVEN. 


The chief work on the bank at a colliery is classifying the coal 
according to size, and loading it into railway waggons, canal-boats, 
and carts. In addition to classifying, the dirt has to be picked 



Fig 572 — Coal -screens and steam-hoist 


out. A plan that is common in the Midland Counties i.s to run 
the pit waggon on a tramway, or on plates which are raised about 
4 feet from the ground, the railway waggons being dose up to 
this raised bank ; the coal is then lifted out of the pit waggons 
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and placed in railway waggons* according to size and quality. 
When there is nothing but small coal left at the bottom of the 
pit waggon, it is raised by a hydraulic ram, or other hoist, to a 
higher level, where it is tipped over screens (see Fig. 572), and 
is made into three or four sizes — cobbles, nuts, peas, and dust. 
In Yorkshire and the north of England, Lancashire and other 



places, the pit-bank is oiten raised 
tl^e ground, and all the coal is tipped ' * 
573, and 574), where it is sorted im* 
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and dust ; and also according to quality, such as hard, soft, best, 
gas, seconds, etc. In order to assist the screening, the screens 
are shaken by means of a small steam-engine, which gives move- 
ment to shaking-rods (suspending the screen bar-frame) by means 
of small cranks ; this causes the coal to slide down shoots of a 
very moderate inclination, and more effectually separates the dust 
from the coal Strong wire network screens are often used for 
the smaller sizes of coal. Of late years it has become common 
to tip the coal from the bank down a shoot on to a broad moving 
band about 4 feet 6 inches wide, made of steel plates 4 feet 6 
inches wide by 18 inches long and inch thick, fixed on carrying- 
chains made of steel bars linked together by pins, so that it goes 
round rollers at each end ; one of these rollers is driven by an 
engine, and so the band is moved continually forward (see Fig. 
57S). The coal falling on to this travelling band is taken off 
by sorters standing at each side, and thrown down side shoots 



or direct into railway waggons on each side, according to quality. 
The dirt is also taken our. The smaller coal falls into a hole at the 
end of the band, whence it is lifted by a bucket-elevator and 
thrown over a screen similar to that shown in Fig. 572. The 
travelling-belt is say 120 feet long on the top, so that any reciuired 
number of pickers and sorters may stand beside it. Two such 
belts will deal with 1000 tons of coal in 8 hours. The belts 
often travel at a speed of 30 to 40 feel a minute. 

In the anthracite districts of Glamorganshire and Pennsylvania 
great care is taken in classifying the coal ; the large lumps are 
often broken up by toothed rollers, so as to make nuts, which 
are in great demand for stoves. Elaborate and ex])ensive 
machinery is now erected for the breaking and classifying of 
anthracite. It is made into all sizes, from large lumps down to 
the size of peas ; the dust is nearly valueless. The broken roa! is 
classified in a manner similar to that employed for metalliferous 
ores, and shown in Fig. 584 ; but the crushing-rollers are different, 
and there is less pressure required to hold the rolls together. 

Most bituminous coal can be made into coke. Where there 
is a great demand for coke, and the coal is qualified to make it 
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of the very best quality (as in the county Durham), the whole 
production of a colliery is sometimes coked, the large coal being 
broken up by crushing-rollers to facilitate coking. In other 
districts only the very small coal, otherwise hardly salable, is 
coked. The ordinary method of coking, which is considered by 
many engineers the best, is to put the small coal into an oven 
built of fire-brick, circular in plan, shown in section, Fig. 576. The 
coal is put in through a hole at the top; the charge is about 
5 tons. If the oven is hot, as it will be if in regular use, the coal 
takes fire, the side door having been built up with fire-brick and 
fire-clay. Some small holes are left for the admission of air, 


fUlf tIAOINC 
TO CMIMMCY 



enough to burn the gases given out by the coal As the heat of 
the oven increases by this combustion, the air-holes are stopj^ 
by degrees, so that the gases go off unburnt into the flue, which 
goes to a chimney. It is now usual to introduce boilers between 
the ovens and the chimney, and to burn the gases under the 
boilers, thus effecting an important economy. Ovens are generally 
built in long ranges thirty or forty in a row, and a double row 
with a central flue leading to the chimney ; the outer walls are 
made very thick, to keep in the heat as mucli as possible. The 
intense heat in the oven drives out all V ' ’ * ’ ' ^ydro 
and causes the remaining carbon (an^ • - ukI 

run together into a hard mass, which 
the original coal. This process takt^ 

(it varies very much with the qualit\ 

100 hours). Then the side door is ; 
at once turned on to the coke to cool ” 
and then the coke is raked out ami . 
water to stop combustion, but not mu. 
can evaporate, so that the coke ma> ' 
times drawn out at some modern ph' • 
when it is red hot ; the watering is inf 
the cooling of the interior by wateri... 
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immediately recharged with slack. The coke weighs from 50 to 
68 per cent of the weight of the original charge of coal. It 
bres^s up into large irregular lumps, very porous, with bright 
metallic lustre, grey colour, and specific gravity about 074. 

Coal-wai^ers. — In case the slack is mixed with a great deal 
of dirt, it is generally washed. There are several kinds of coal- 
washers. One of the most largely used kind of washer is con- 
structed as follows : The coal is sized — that is to say, passed 
through screens which separate it into different sizes (see Fig. 



584 ; the rolls shown in the figure are not for colliery plant) ; 
eadi size is conducted to separate washing-machines. The slack 
is then placed on a tray full of perforated holes (see Figs. 577, 
578),^ in a box which is full of water. By the side of this box 
is a wooden cylinder, in which there is a w’ooden piston; this 
piston is lifted up and down, about fifty or sixty strokes a minute, 
iDy a small crank or eccentric driven by an engine ; the length of 
stroke may be varied from 2 inches to 4 inches. The piston makes 
its downstroke faster than its upstroke. 'I'he lifting up and down 
of this piston causes the water in the box to jump up and down 
in a corresponding manner ; the water, passing through the holes 
in the perforated tray, lifts up all the fragments of coal and dirt, 
the lighter fragments (that is, the coal) being lifted the higher. 

* The reader is referred to an excellent paper on “ Coal-washing** m the 
Trameuiions of the .South Wales Institute, by Mr. K. dc boldenho(r, from 
which Figs. 577-580 have been taken. 
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Crating 


Fig. 578 —End view of coal-washer shown in 
Fig 577 


As the water recedes the coal and dirt also fall, the heavier 
particles (that is, the dirt) falling the faster ; the result is that in a 
short time all the dirt is at 
the bottom and the coal is 
at the top. The coal is 
moved off by the water, 
aided by scrapers, while 
the dirt goes off up the 
cylinder A, and out by the 
opening B, whence it is re- 
moved by the revolving 
scoop C. Some of the 
small coal and dirt may fall 
through the gratings, and 
can be let out by the valve 
D. This machine wall wash 
about 5 tons of slack an 
hour. 

For small sizes of coal, 
inch and less, the tray 
on which the slack is put is 
covered with a layer of feld- 
spar gravel (Figs. 579, 580) 

3 or 4 inches thick. The 
size vanes from J inch up 
to I inch according to 
size of coal, but is always 
larger than the openings in 
the grating. The action is 
the same as above de- 
scribed. By the action of 
the water, the dirt sinks 
down through the gravel 
and the grating, whilst the 
coal remains on the top and 
IS* carried forward by the 
water. The dirt, having 
passed dowmwards through 
the feldspar, falls threugh 
the perforated tray into the 
bottom of the box, out of 
which it is taken from time to 
For these smaller sizes of coal ii* 
from ^ inch to 2 inches, and from 
This machine will wash from two tc 
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The percentage of coal wasted on this system of washing 
depends entirely on the careful arrangement of the machine and 
the outlay incurred. By washing and rewashing the smaller 
particles, very nearly all the dirt can be extracted, whilst very 
little coad-slack is lost ; but as a rule it does not pay to carry the 
operation too far. A rough rule at collieries is that ordinary 
slack containing an average quantity of dirt is reduced in weight 
one-third in washing ; thus 3 tons of dirty slack yield 2 tons of 
clean slack. Often the percentage of dirt and loss is much less, 
in some cases 7 tons of dirty slack yielding 6 tons of clean slack. 



Fig. 580.— Side view of machine shown in Fig. ijc). 


The water is used over and over again, and there is no occasion 
for any dirty water to be sent off into the rivers, as has been 
done in some cases. 

It will be seen that the principle of this washer, which is that 
of most washing and separating machines and contrivances, is to 
utilize the difference in the specific gravity, or weight for equal 
sizes, of the coal and shale. The specific gravity of water is i ; 
that of coal, about 1*3; that of shale, about 2*3; and that ot 
feldspar, about 2*6. Thus the shale, falling faster and rising 
slower, is separated from the coal ; the coal cannot get to the 
bottom, because each stroke of the piston lifts all the material, 
and the shale gets down before the coal. The feldspar merely 
serves the purpose of a grating of great thickness, and in passing 
through it there is time for particles of coal to be arrested and 
sent up to the top ; it also gives a movable surface to the grating, 
so that every part of the coal and shale are exposed to the action 
of the water. 

Another kind of machine is Robinson’s, which has lately come 
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into use in this country (see Fig. 581). The principle of this 
coal-washer is the same as that of the jigging-machine, and can 
be best understood with the aid of the Fig. 581. It consists of 
a circular iron box, in section like an inverted truncated cone, 
about 9 feet 6 inches diameter at top, 2 feet at bottom, and 8 feet 
deep. The dirty coal is filled in at the top, and water is forced 
in at the bottom. The water is taken from a tank some height 
above the machine, giving a head of 32 feet, so that it may come 
at a regular speed and pressure. The water enters all round the 



FiG 581.— Robinwii’s coal-washer 
It, Mipply-pipe to washer ; K, dirt' 
revolving arms or .apttators dri\» 
levers attache J tT dirt-valves 


cone at the bottom at a- in the figure, 
I inch in diameter. In order to 
it is stirred up by means of a vertical 
the bevel- wheel c, which is driven 1 
level with the top of the hopper arc I 
of these four arms arc fastened thre- 
hopper are two valves, /and one « 
prevent the water escaping at the 
overflow at the top. The space // Is 
a receptacle for the dirt, wliich may 
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the valve /, then opening the valve The water passes up at 
such a velocity that it has power to lift the coal, but has not 
sufficient power to lift the dirt, owing to its greater specific gravity. 
Because of the continuous action of this machine, it will get 
through a great deal of work. As the coal and water come over 
the side of the hopper it falls down a shoot, H ; the water drains 
off through perforations in the bottom of this shoot. 

One of the oldest kinds of coal-washers, which is still 
extensively used, is the inclined water-trough. From the top of 
a staging a wooden trough, one or two feet in width, is carried 
on posts at a sufficient incline for a stream of water to rush with 
great rapidity ; this trough is several hundred feet long. At 
intervals of a few feet are weirs formed of cross-bars fixed in 
grooves ; the w'eir is one or two inches in height according to 
circumstances. The dirty slack is delivered with a stream of 
water into the trough at the top ; the water runs down, carrying 
with it both dirt and coal ; the larger bits of dirt are caught by 
the wooden cross-bars or weirs, and remain in the trough whilst 
the coal is carried fom^ard. The deposit of dirt soon fills the 
trough to the level of the weir. Another cross-bar is then put in 
the groove ; that again catches the dirt, until the space behind is 
nearly filled with dirt When this happens the trough is cleaned 
out, and the process begins j^ain. The water may be pumped 
up and used over again. This kind of washer gives very good 
results in some places ; it must, however, be lx>rne in mind that 

the efficiency of any coal-washer 
depends on the careful classifica- 
tion of the material to be washed. 

Centrifugal Separator.— One 
of the drawbacks of the washing 
of coal is the expense of drying 
it If the coal is to be coked, the 
moisture has to be driven off by 
the heat of the oven. Sometimes 
the wet slack is put into a revolv- 
ing cylinder, so that the moisture 
can be thrown off by centrifugal 
force. A dry centrifugal separator 
has been made for use with metalli- 
ferous ores (see Fig. 582).^ The mixture of ore and dirt is fed 
into the centre vertical revolving hopper, a. This hopper turns 
with great rapidity, and by the centriftigal force thus pr^uced the 
stuff is thrown out through the horizontal opening A The heavier 
material, having greater momentum, is thrown further than the 
‘ Clarkfon and Stanfield's patent. 
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lighter, the heaviest furthest of all. Supposing the ore to be 
separated is lead ore ground to the size of coarse sand, the 
larger particles will be thrown into the furthest receptacle r, the 
smaller particles into the nearer receptacle and dirt with very 
little ore will fall into the receptacle e. The dirt and ore mixed 
can be passed through the separator again. 

Briquettes. — A great (Jeal of slack is made into what are 
called briquettes; these are lumps of slack mixed with some 
adhesive material and compressed into the form of bricks, whence 
their name. This is sometimes called patent fuel. Where the coal 
is exceedingly friable, as at some of the French mines, nearly the 
whole production of a large colliery is made into briquettes. In 
England it is only a small proportion of the slack which in some 
districts is so treated. Many cementing materials have been 
tried, such as clay and starch, but pitch is now almost exclusively 
used. The proportion of pitch depends partly on the kind of 
machinery used, partly on the nature of the coal, and partly 
on the requirements of the consumer, and may be said to vary 
between 5 per cent, as a minimum and 20 percent as a maximum. 
The price of {jitch is subject to considerable variations, but as 
its price is not uncommonly ten times that of the slack with 
which it is mixed, there is every inducement to use it with 
economy. I'he process of manufacture is somewhat as follows : 
The coal is screened and ground to a uniform size ; the pitch is 
ground into a fine powder. Tlie coal and pitch are mixed together 
in a mill and subjected to heat, generally that of high-pressure 
steam, which partly melts the pitch ; the heated mixture is then 
lowered into a machine like a brick-making machine, where 
it is subjected to great pressure, each brick being separately 
moulded, and, falling on to a travelling-band, is carried away and 
stacked. This is the plan commonly adopted in English machines. 
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requires dressing, because the lumps of ironstone afe covered 
with shale. The practice is to throw iron ore into heaps where 
it is weathered ; sometimes k is watered and washed with a hose 
pipe, and the shale is afterwards broken off by means of a 
hammer. The oolite and hematite ores now generally used do 

not require this dressing. The 
further treatment of the ore, such 
as calcining, comes properly 
under the head of Metallurgy. 

Lead Ore. — When this ore 
has been delivered on the bank 
it is subjected to a process of 
sorting, large lumps of ore being 
picked out by hand, and some- 

Fic. 583 — Blake's patent stone-breaker. timCS clcancd by means of a 

hammer. Lumps of stone and 
ore mixed are put into a crusher, like Blake’s crusher (see Fig. 
583) ; the broken lumps are then put through steel crushing- 
rolls about 2 feet in diameter, pressed together by a weighted 
lever (see Fig. 584). In case of some uncrushable material acci- 
dentally getting in, the pressure lifts the weight and the rollers 

part After passing 
through the rollers, the 
crushed stone passes 
through sizing - screens 
— that is to say, three 
revolving screens fast- 
ened together in se- 
quence. The first screen 
has the smallest holes, 
the second larger holes, 
and the third the largest 
What will not pass 
through these last is 
carried back to the 
rollers. These three 
sizes of ore fall into wooden troughs, along which the ore is 
carried by a current of water to jiggers, where it is treated in 
a manner exactly similar to that already described for the wash- 
ing of coal But it must be remembered that in coal-washing 
the lighter mineral is valuable, and the heavier is dirt; whilst 
in lead-washing the lighter mineral is dirt, and the heavier is 
valuable. The dust containing ore is sized in a hydraulic classi- 
fier shown in Fig. 585. A stream of water carries the ore 
and stone into a tank divided into compartments ; the heaviest 
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grains sink into the first compartments, and the lightest of all are 
carried away by the overflow, and the particles of intermediate 
size fall into the intermediate compartments whence they are 
taken away to the 
jiggers. The jigging 
of the water causes 
the lead to fall down, 
whilst the dirt is left 
on the top. The dirt 
is washed off and 
carried away with the 
overflow water, and 
the lead remains 
either on the trays or 
falls into the box 
below. Feldspar is 
put on the trays for 
Icad-orewashing. The 
overflow water car- 
ries away, as well as 

dirt, fine particles of ,£5.-W.tcr.compartme„tUa...f.a. 

ore, because the water has no faculty for separating lead 
from dirt except by the difference in the weight of the lumps, 
and lead ore in very fine dust is no heavier than coarser dust 
of dirt. 
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and may be rebuddled if it contains lead enough to pay. The 
slope of the buddle is about one in ten. 

Tixij Copper^ Qold| etc. — The method of dealing with 
ores above described is applicable to most kinds, and is 
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Fig. 586. -Buddie. 

largely employed in tin-mines. For tin, however, stamps are 
generally used to crush the ore to a sufficient fineness. A 
side view of a stamp is shown in Fig. 5 8 7. The stamp has 

an iron spindle and cast-steel head, weighing together perhaps 
n 7 cwt. ; the lower part of the 

head or hammer is from 2^ 

\ inches to 6 inches in diameter 

ORE iR luwrs according to weight of hammer 
and hardness of rock. Near 
the top of the spindle is a 
collar; a revolving cam raises 
it and allows it to drop again, 
the fall being about 8 inches. 
Below this stamp is a cast-steel 
or cast-iron anvil ; this is in a 
socket, and can be easily re- 
placed when worn out, and is 
enclosed in a wooden, iron, or 
steel box. On one side, the ore, 

iiG. 5a7.-buuip : mJ. »kw. has been already crushed 

with rolls, is fed in with a stream 
of water ; at the opposite side is a metal plate perforated with very 
small holes, through which the ore passes, carried by the water 
when it has been crushed sufficiently fine. As this process of 
stamping is very slow, a great number of stamps are required ; they 
arc generally arranged in a battery of five stamps (sec Fig. $88). 
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The quantity of rock crushed in 24 hours’ continuous work 
depends on its hardness, on the number of blows per minute, and 
on the size of the openings through which the crushed ore has to 
pass. As ordinarily used, each stamp 
will crush from i to 3 tons; to 2 
tons is about an average quantity. The 
number of blows per minute* varies from 
sixty to a hundred. The size of the 
mesh varies greatly for gold (|uartz; it 
is sometimes about nine hundred open- 
ings to the square inch; the openings 
usually vary from to inch in width. 

The old-fashioned way of working the 
stamps is shown in Fig. 589. The ore 
when crushed is taken to the buddle, 
where the dirt is washed away. 

Gold quartz is first broken up with 
a crushing-machine, then passed through 
rolls, and then it goes to the stamps, 
where it is stamped exceedingly fine. 

With the stamps mercury is placed, fig. 588.— stamp: front view. 
Mercury has a great affinity for gold, and 

unites with it, so that a great deal of gold unites with the mercur}' in 
the stamp-box. As the slime escapes from the stamp-box through 
the perforated plates, it is carried by the water over copper plates 
which have been previously covered w ith mercury, and the gold 
in the stream adheres to the copper plates. The residue runs off, 



Fig. 


and is collected and concentrated, 
trating-table made of an indiarubbei 
wide, tightly stretched over rollers 
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hattifiie**- The oolite and Immatite <nes now |[enenl^ used do 

n(A require ton dressmg. The 
ftotoer treatment of toe <ne, such 
as calcining, comes propeity 
under toe he^ ot Metallmgy. 

Lead Ore.— When this ole 
has been delivered (m the baito 
it is subjected to a process of 
sorting, large lumps of ore bebg 
I>icked ont by hand, and some- 
times deanra by means of a 
hammen Lumps of stone and 
ore mized are put into a crasher, like Blake’s crusher (see Fig. 
585); toe hru^ lumw are then put through steel crushing- 
r(& about a feet in mameter, prened together by a weight^ 
lever (me 584). In case of some nncmshable material acci- 
dental getmg in, the pressure lifts the wdght and the rollers 

part ' After passing 
through the rollers, the 
crutoed stone passes 
through sizing -screens 
— that it to say, three 
revolving screens fiut- 
ened ttwether in se- 
quence. The first screen 
m» the smallest holes, 
the second larger hdes, 
and the third toe largest 
What will not pan 
throt^h these last is 
carried bade to the 
tdleis. These three 
sImI of ok fidl into wooden trough^ along whidi toe <»e it 
gpiHbd bjr a emrent of water to jiaeiSi ttoen it is treated in 
atoMBcr esactor dmilar to already desc r ib ed iot the wash- 
Mg «|<omL Bot it nmst be lementoered that in cotdwatoiog 
toe Ipter nrinml is valuable, and toe heavier is tort; whilst 
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overflow water, and 
the lead remains 
either on the trays or 
fells into the box 
below. Feldspar is 
put on the trays for 
lead-orewashingi The 
overflow water car- 
ries away, as well as 
dirt, fine particles of 
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ore, because the water has no faculty for separating lead 
from dirt except by the difference in the weight of the lumps, 
and lead ore in v^ fine dust is no heavier than coaiaor d^ 
of dirt 


This slime is, however, washed again by a machine called a 
buddle (see 586), This concave buddle is a large baan, say 15 
or so fert in diameter, the flotur of which is made (ff wood; theudes 
slope geody towards ^coatre. Buddies are oftmictmv^ die ades 
sloj^g down firom die centre. In the centre is a verdcal spindle 
made to revolve ; arms C C on this sfundle move round die basin; 
dropping from these arms are very soft brushes, which lighd^tocch 
the surfibce the baait From a ledge surroundii^ the basin, fed 
by revolving pipes or trou|hSi A A, die slime is demwred by water 
on to die nwm of die basin, and very slowly runs down die sides, 
the reveflving Inrushes continual^ stin^ it up «id toniBg % 
round. By ^ very gentle action the dirt is waued away towacdl 
the centre, and scwie of |t is carried away, and the lead resMdna 
upon diewood^aear the outer ctrcumfisrence, fiemn uhkh it' hi 
anerwuds removed. As the deposit diidtens the interital dug 
B B is raised, and the bmdbes are lifted a fitde at the same 
by means of the fever D, nntQ the de|>osit has reached ah^ 
xfbothi^pth. thfe deposit ft then taken Old in dwMi rapt 
dmArttraeftenuil >fti tsdcrafeadocej dMvddtQe^NjM 
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and may be rebuddled if it contains lead enough to pay. The 
slope of the buddle is about one in ten. 

Tin, Copper, Gold, etc.— The method of dealing with 
ores above described is applicable to most kinds, and is 



Fig. 586. —Buddie. 


largely employed in tin-mines. For tin, however, stamps are 
gener^y used to crush the ore to a sufficient fineness. A 
side view of a stamp is shown in Fig. 587. The stamp has 
an iron spindle and cast-steel heady weighing together perhaps 

7 cwt ; the lower part of the 
head or hammer is from ai 
inches to 6 inches in diameter 
oRc in ujuFS according to weight of hammer 
and hardness of rock. Near 
the top of the spindle is a 
collar; a revolving cam raises 
it and allows it to drop again, 
the fall being about 8 inches. 
Below this stamp is a cost-steel 
or cast-iron anvil ; this is in a 
socket, and can be easily re- 
placed when worn out, and is 
enclosed m a wooden, iron, or 
steel box. On one side, the ore, 
Fio. 587.-Stamp : wde view. which has bccn already crushed 

with rolls, is fed in with a stream 
of water ; at the opposite side is a metal plate perforated with very 
small holes, through which the ore passes, carried by the water 
when it has been crushed sufficiently fine. As this process of 
stamping is very slow, a great number of stamps are required ; they 
are generally arranged in a battery of five stamj^ (see Fig. 588^ 
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The quantity of rock crushed in 24 hours’ continuous work 
depends on its hardness, on the number of blows per minute, and 
on the size of the openings through which the crushed ore has to 
pass. As ordinarily used, each stamp 
will crush from i to 3 tons; 14 to 2 
tons is about an average quantity. The 
number of blows per minute* varies from 
sixty to a hundred. The size of the 
mesh varies greatly for gold quartz; it 
is sometimes about nine hundred open- 
ings to the square inch ; the openings 
usually vary from to ^ inch in width. 

The old-fashioned way of working the 
stamps is shown in Fig. 589. The ore 
when crushed is taken to the buddle, 
where the dirt is washed away. 

Gold quartz is first broken up with 
a crushing-machine, then passed through 
rolls, and then it goes to the stamps, 
where it is stamped exceedingly fine. 

With the stamps mercury is placed. 

Mercury has a great affinity for gold, and 
unites with it, so that a great deal of gold unites with the mercury in 
the stamp-box. As the slime escapes from the stamp-box through 
the perforated plates, it is carried by the water over copper plates 
which have been previously covered w ith mercury, and the gold 
in the stream adheres to the copper plates. The residue runs off, 



Fig. 588.— Stamp : frout view. 



Fig. 589.— Ordinary Cornish »tanip. 


and is collected and concentrated. Fig. 590 shows a concen- 
trating-table made of an indiarubber belt about 3 feet 6 inches 
wide, tightly stretched over rollers about 8 feet apart ; there are 
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ledges on each side of the belt It moves very slowly forward, as 
shown by the arrows. The slime is poured on from a spout with 
a stream of water ; a very rapid succession of sharp jerks longi- 
tudinally from the 
eccentric throws the 
heavier ore back, 
whilst the lighter 
dirt is carried for- 
ward by the water 
and movement of 
the belt The dirt is 

Fig. 590.— Conoenfrating-uble. Washcd a Way ; the 

ore is scraped off the 

upper part of the belt Another system is like a “Rittinger 
table.” It is similar to the above, but the shaking of the belt and 
frame holding it is lateral, separating the ore into three streams, 
all carried forward (see Fig. 591); one is concentrated ore, one 
is mixed, and one is dirt In order to extract the gold from the 
amalgam, it is only necessary to heat the mixture of gold and 
mercury in an iron retort, when the mercury is turned into gas, 
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Fic. 591.— Concentrating-taWc. S, springs ; R, travelling rubber bell. 

and, going off through a coil, is condensed and can be used over 
again, wliile the gold remains in the retort. All gold is not so 
easily dealt with as this. The above process is applied to what 
is called ** free-milling ore." The chlorination and other processes 
are used for the extraction of ores mixed with iron and other 
metals. 

In dealing with iron or copper pynt^ containing gold, 
different processes are adopted ; a description of these comes 
under the head of Metallurgy. 

In dealing with the diamondiferous rocks extracted from the 
South African mines, the process is as follows : The earth or rock, 
technically known as ** yellow ” or blue," is laid out^ on large 
level floors hundreds of acres in extent The blue (which is the 
harder kind of ore, and that which is principally rai^d) is ploughed 
and harrowed down to a depth of 9 inches, and is then allowed 
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to weather. In the absence of rain, it is watered by means of 
pipes. After being sufficiently weathered, it is put into a large 
trough full of water, where it is agitated by revolving arms. The 
mud flows off ; the heavier parts, including the diamonds, fall to 
the bottom. It is subsequently treated in jiggers or pulsating- 
machines, similar to those used for coal-washing, and thus, by a 
succession of processes, tho dirt is separated from the diamonds 
sufficiently, so that when the concentrated ore is laid out on tables 
the diamonds can be picked out by hand 

Ore-dressing.— Ore-dressing, or the separating of the metal 
and the substances with which it may be in chemical combination 
from the dirt with which it is mixed in the mine, comes within the 
province of the mining engineer; for instance, lead ore (galena) does 
not contain pure lead, but sulphuret of lead, which is a mixture of 
lead and sulphur. It is the business of the ore-dresser to separate 
the galena from the dirt ; it is the business of the smelter to 
separate the sulphur from the lead. When there is a large pro- 
portion of silver, the ore is then called a silver ore, and not 
a lead ore. Tin is also not found as a pure metal, but as an 
oxide, and it is this oxide of tin (cassiterite) that the ore-dresser 
separates from the stone. Copper is sometimes found as pure 
metal called native copper, as at the mines of Lake Superior, in 
North America, but it is commonly found as a sulphuret. 

The chief modes of ore-dressing resolve themselves into the 
following simple rules : To crush mineral as it comes from the 
mine so small that the lumps of pure ore can be separated from 
the stone, the classifying must take place at every stage of the 
crushing process ; it is done by hand when the lumps of pure ore 
are not too small, but when the lumps get smaller than the size 
of a filbert, the sorting is done by machinery, and this is simply 
done by allowing a stream of water to carry away the lighter or 
non-metallic particles. But the stream of water must be applied 
as nearly as possible to particles of stone and ore the same size. 

In the case of coal, the lighter particles are the valuable 
particles, the dirt being heavier ; in the case of metals, the lighter 
particles are the valueless material, the ore being heavier. A 
shaking movement facilitates the separation of the dirt fix)m the 
ore, as in the jigger ; so ir the buddle the revolving brushes give 
a gentle shake to the ores. This may be attained in other ways, 
as for instance, a vibrating table or a Rittinger table, an Emery 
table or a Frue vanner, etc.. 

In dealing with slimes, it is impossible to separate the ore from 
the dirt completely at one operation. Some of the dirt is taken 
away by the first operation, and the concentrated material is then 
removed to another machine, whether it it be a jigger, a buddle, 
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a Rittinger table, a Frue vanner, or other contrivance, and some 
more of the dirt is removed, the process of concentration being 
repeated three or four times, until the ore is sufficiently clean to 
go to the smelter. 

In addition to the processes of concentration where water is 
used, there are others in which air is used instead of water. In 
these air-machines air is blown through the ore, blowing away the 
light worthless particles, whilst the heavy metal falls down. This 
is simply the old-fashioned process exemplified in the w’innowing- 
machine, by which chaff is blown away from wheat ; but the 
application of the principle to ore-dressing involves a great 
difference in construction. Machines have been made to separate 
ore without any air-blast The crushed ore is ejected from a rapidly 
revolving centrifugal machine (see ante^ p. 463). 

There is also a great variety of crushing-machinery. This 
crushing is sometimes done by rollers revolving in a pan, as in 
a mortar-milL In other machines large balls of cast iron are 
placed in a pan containing ore ; the pan is made to revolve, and 
the ore is crushed by the balls rolling over the ore. 

In other crushing-machines the ore is whirled round with great 
rapidity by revolving paddles, which throw the ore against the 
internal projections of a strong cast-iron case ; another set of 
revolving paddles by the side of the first set moves in the other 
direction. In another machine the ore is injected by an air-blast 
through a nozzle. A similar air-blast, exactly opposite to the first 
one, injects an opposing stream of ore, the opposing volleys of 
ore being thus broken up. 

Crushing-machines may be divided into three classes : first, 
that in which the ore is crushed between a hammer and anvil ; 
second, a roller and pan ; third, that in which one piece of ore is 
made to strike against another piece of ore. Most of the crushers 
belong to the first and second classes. 

In many places there is not sufficient quantity of ore or 
sufficient capital for the erection of powerful machinery, and a 
great part of the work is done by hand and shovel, or by means 
of a jigger worked by hand. 

Water-power is largely used for driving mining-machinery, 
especially in mountainous districts ; overshot wheels and turbines, 
as well as other wheels, arc used, a 40-fect overshot water-wheel 
being capable of driving fifteen stamps for gold quartz, together 
with concentrating-machinery and all other apjwratus necessary 
for extracting gold from the ore, equal to dealing with 30 tons 
of hard quartz per diem. 

In considenng the modes of dealing with valuable minerals, 
it is necessary to make some mention of slate. Perhaps no 
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Other Material is so wastefully treated, doubtless on account 
of its abundance. Out of the whole produce of a slate-quarry 
only from 5 to 10 per cent of the slate is marketable ; the rest is 
unmarketable, chiefly so rendered by the process of mining 
or subsequent dressing. For economy of mining it is necessary 
to blast the slate, and this causes the greater portion to be 
shattered so as to be worthless. It is necessary to prepare 
the slate for market immediately it is got, because if it has 
time to dry it cannot be split up. It is frequently got in large 
lumps, as shown in Fig. 592, from a photograph by the writer. 



Fic. 592. — Lump of slate. 


These lumps are conveyed on rails into the workshop, and lifted 
by cranes on to tables connected with circular saws ; by means of 
these saws they are cut into the required shape, whether the slate 
is wanted in the form of large slabs or to be split up for roofing 
slates. Fig. 593 is from another photograph taken by the writer, 



Fig. 593.--Spliiting slates. 


showing a workman in the act of splitting a slate with a chisel 
driven into the edge by a hand-hammer. Having driven the 
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chisel in a little way, he then opens the crack already made by 
a movement of his left hand, holding the chisel, and then he 
takes both hands to tear the slates in two, inside him is a man 
cutting the slates square and the edges straight He does this 
by means of a heavy knife hinged at one end and held up by a 
spiral spring ; by means of a treadle, he brings the knife down 
by the side of a fixed iron straight-edge, on which he holds the 
slate which is to be cut 
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CHAPTER XXIIL 

MISCELLANEOUS PRECAUTIONS FOR SAFETY ; DISCIPLINE ; 
BLOWERS OF GAS, OUTBURSTS OF COAL ; DAMS OF WOOD, 
BRICK, ETa 

The question of safety, as is inevitable in any treatise on 
mining, has been continually mentioned in the preceding 
chapters, but it may be well to refer more particularly to certain 
points. The Mines Regulations Act of 1887 contains a great 
deal of instruction which it is unnecessary to recapitulate in this 
treatise, as it should be obtained separately by every student of 
mining. The student must get the Act itself ; not the ‘‘abstract,” 
which is misleading in some parts. The Act is supplemented 
in each district by special rules, which must also be studied by 
the student, to see if they contain additional instructions. 

The table on the following page, extracted from the Govern* 
ment Returns, shows the proportions of fatalities under various 
headings. 

It will be observed that the falls of roof and stone are the 
most frequent causes of accidents. The danger from this cause is 
chiefly to be met by careful timbering. When a collier is holin 
he must putsprags under the coal. But there is also a liability of 
coal bursting off from the face ; he must, therefore, put sprags 
against the face of the coal, as shown in Fig. 423. To protect 
himself against falls of the roof, he must put up timber in the 
manner described in the chapter on “ Timbering.” 

It is necessary constantly to examine, not only the roof, but 
the sides of every road, because, owing to the joints in the shales, 
clays, coal, and stone, masses weighing hundredweights or tons 
are constantly falling off, and, if they fell on a passing man or boy, 
might inflict serious or fatal injuries. An experienced workman 
passing along a road, examining by sight and by touch, can 
ascertain if any ground is loose, and if it is he can at once pull 
it dowm or secure it with timber. This has to be done before 
any workman enters a place, and from time to time during 
the working-hours ; in fact, it is necessary to have every place 
under continual observation. 
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If any evidence of this were required, it can be obtained by 
going into some air-road where the workmen do not pass, and 
wnere repairs have not recently taken place. This road will 
very likely be heaped with masses of fallen material, showing 
the observer what has recently occurred, and what is likely to 
happen again ere long. Sometimes the efforts to secure the roof 
by packs and timbers are .unavailable, and what is called a 
“ weight comes on. This happens when the adjoining pillars 
of coal are too distant for the strata to bridge over the space, and 
then the whole of the strata up to the surface have to be 
supported by the props and packs, which, being necessarily 
insufficient for this purpose, give way. This weight generally 
gives warning ; sounds of cracking and bumping are heard, and 
the workmen have time to escape. 

When timber props have to be withdrawn, great care is 
necessary, as mentioned in the chapter on “ Timbering.” 

Old Workings. — It is an everyday occurrence for some 
mine to be closed, and the place so abandoned will probably, so 
much of it as is not closed by the overlying strata sinking down, 
in time become filled either with noxious gas or with water. 
Any miner working a new mine in the vicinity of such 
abandoned mine, must be guided by an accurate plan of the old 
mine and of the new mine, showing their relation one to the 
other. The method of so producing an accurate plan is not a 
subject for this book, but is dealt with in a separate treatise. 

It frequently happens, however, that one or both plans are 
inaccurate or incomplete (indeed, it seldom happens that a 
colliery plan, either of a modern or ancient mine, is perfectly 
accurate), and the miner, through this cause or through inad- 
vertence, may cut a hole into the old workings, and gas or water 
may issue from these with disastrous consequences. In order to 
prevent such an accident, the following precautions are taken : — 
When approaching near the abandoned mine, the old shafts 
are cleared out, and the w'ater pumped out of the abandoned 
mine. Where this is done the danger of a serious catastrophe is 
very slight. It has happened, however, in some cases that 
workings not shown on the old plan, below the level drained by 
the pumping-engine, have remained full of water, and an accident 
has resulted. Therefore, in addition to any other precautions, it 
is necessary, and required by law, that any working place 
supposed to be approaching old hollows should not be more 
than 8 feet wide, and should be protected by sufficient front and 
flank bore-holes. These bore-holes are small holes, say not 
exceeding 2 inches in diameter, carried in advance of the heading 
Fig, 594 shows a heading (6 feet wide) with front and flank 
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bore-holes. The front bore-holes are usually kept from 10 to 20 
yju^s in advance of the heading, and this is easily done if the bore- 
hole can be kept parallel to the inclination and direction of the 
heading, because as each yard of heading is cut it is only necessary 
to advance the bore-hole in front an equal distance. The flank 
bore-holes should be started from the face of the heading, and 
put in a distance of 9 feet at an wangle of say 26^® from the 
direction of the heading, which is equal to a divergence of i foot 
for every 2 feet in the line of heading. After the heading has 
been advanced 6 feet, the first bore-hole must be deepened to a 
total length of 18 feet, or even up to 30 feet, measuring from the 
origin at the face of the heading. A flank hole in each side 
must be started every 6 feet ; each flank hole should start i foot 
6 inches from the centre of the heading, as shown in the figure. 
The length of the bore-holes must be regulated by the nature of 



Fic. 594.<-'Plan of btadiog approaching old hoUoirs, showing bore-holes. 


the ground and the pressure of water expected, and the promixity 
of the flank bore-holes by the size of the headings in the old 
workings. Sometimes these are narrow, and the bore-holes may 
miss them unless they are close together. Where very great 
pressures of water are expected, the bore-holes should be put in 
much longer than in the above example. 

The writer has found great advantage in substituting for solid 
iron boring-rods hollow rods of steam-pipe; these are much 
lighter and stifier. The part of the rod outside the hole is carried 
on a roller; a cross-head is fixed to the end of the rod, and 
several worl^en operate it. 

The work of boring is tedious and expensive with men who 
arc unpractised, but after a few weeks' practice it becomes 
compamtively rapid and cheap. \Vhcre the seam is very thick, 
it is necessary to have several holes, one above the other, both in 
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front and in flank ; because the old workings may be in a higher 
or lower portion of the seam, which must be treated as divided 
into separate beds each about five feet thick, and borings must be 
made in each bed. If these precautions are not merely ordered, 
but carried out, the chances of driving into old workings unex- 
pectedly are reduced to a minimum. 

Plugs should also be at thand in the heading, with which to 
stop up the bore-hole in case gas or water should issue into the 
working place ; and the workmen, as well as the officials, must 
examine every symptom of increase of water or issuing gas, so 
that they may not be taken unawares. The pressure of water 
may sometimes burst away a considerable thickness of coal, and 
so cause a deluge. 

Blowers of CoaL— Some mines are subject to outbursts of 
coal and gas. These are very dangerous, because the miners are 
liable to be smothered by the coaL These outbursts of coal 
come from the face Of the bank or heading, and a portion of the 
seam is blown out from the face, perhaps as much as 20 tons being 
suddenly ejected from the face of the coal, chiefly in the form of 
dust, but sometimes there are small pieces. The issue of dust 
is generally accompanied by an issue of fire-damp. An interest- 
ing account of the outbursts at the Broad Oak Colliery, near 
Ashton-under-Lyne, has been given by Mr. Joseph Dickinson, 
F.G.S., and published in the Proceedings of the Manchester Geo- 
logical Society, part 8, vol. 22, 1893. At this colliery the section 
was as follows : Inferior coal and dirt, 6 inches ; impure soft coal 
and sulphur combinations, i foot 6 inches; hard coal, i foot 10 
inches. The holing is done in the soft coal, and the blowers 
that take place are blowers of soft coal only. The coal seems to 
burst or leap out— a kind of spontaneous and instantaneous 
holing or curving — sometimes to a depth of nearly 8 yards from 
the face, and to a width of nearly 8 yards. The cavity thus 
spontaneously holed is irregular, often wider at the back than at 
the face. These outbursts are generally preceded by cracking, 
and accompanied by a rumbling noise, as of thunder or steam 
blowing from a boiler. Outbursts of a similar kind have occurred 
in the Black Vein in South Wales, and in Belgium. 

Opinions differ as to the cause. The more probable explana- 
tion, however, seems to be. that, owing to the depth of the mine 
mid the softness of the seam, it is crushed so as to lose its 
-natural form and cohesive nature, and that it is then projected by 
the expansion of the gas in the coal. There are difficulties in 
accounting for the ejection of the coal by the ga^ because in 
some cases the blowers have occurred where previous workings 
would, in ordinary course, have drained away most of the ga% 
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and numerous bore-holes made in the working places have failed 
to let off the gas so as to prevent the blowers. It may, however, 
be assumed that the coal is different in its nature in some parts 
of the mine, and that in the places where the blowers occur it is 
rather softer than elsewhere ; so that a ve^ small pressure of gas, 
insufficient to break down even a very thin rib of strong coa^ is 
still sufficient to clear out what is «simply a heap of cod-dust in 
a cavity protected by the harder coal above and below and all 
around. 

Blowers of Qas.— Precautions have to be taken, not only 
against the everyday dangers of the mine, but against unusual 
accidents, such as the issue of large blowers of gas, against which 
any amount of ventilation is useless. Should such blowers occur, 
the only safety lies in the absence of any exposed light, a defective 
safety-lamp, or a furnace. 

A case is recorded in Belgium of fire-damp issuing from the 
mine so strongly that it fired at a light in the winding-engine 
house on the surface, and then blazed in a column 50 yards high 
over the pit- top, and continued to blaze for hours, the pit being 
so full of gas that there was not air enough in the shaft for a 
flame or explosion. As the blower of gas became exhausted, 
the mixture of air caused explosions to take place in the shaft, 
and ultimately in the mine below. Issues of gas on a minor scale 
have frequently occurred in the coal-mines of this country, and 
in fiery districts may be constantly expected. 

Ss^ety-lamps. — ^A great many of the coal-mines of the 
country are worked with naked lights, such as candles or oil* 
lamps, and the metal-mines are always so worked. In some 
places, parts of the mine are lighted with gas, which is forced 
down the shaft by a species of pump or by falling water. The 
gas is only used for lighting the porches adjoining the pit-bottom. 
Electricity is now being substituted for gas with advantage. 
Safety-lamps are used in the majority of coal-mines, even though 
gas is hardly ever seen, and then only in small quantities. The 
reason for using safety-lamps in these cases is threefold. One 
is to avoid the danger in case of a blower ; the second is to avoid 
the small accidents which are likely to occur from the workman 
lighting with his candle a small accumulation of fire-damp, the 
injury from which Will very likely be not fatal, but cause a good 
d^ of alarm, or because such a small explosion of fire-damp 
might in some cases cause a catastrophe through the ignition 
of coal-diiit ; the third is that the use of naked lights has some- 
times cajused fires by the firing of brattice-cloth, or timber, or 
other in^mmable materiali due, of course, to the gross neglect 
of some person* 
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In some respects it is a pity to use safety-lamps where it is 

necessary, b^use they pve such a poor light as compared 
with candles, and a good light helps the worknuin to see that 
his place is secure from falls of roof and side. It also greatly 
helps his labour, and therefore gives him more time and energy 
to spare for the due timbering of his place. It also saves him 
from injury to the eye resulting from the use of insufficient light 
Dr. Court, of Staveley, has shown that a large percentage of 
miners using safety-lamps are subject to a disease of the eye 
called miner’s nystagmus.* The remedy is to obtain a portable 
safety-lamp that shall give as good a light as a candle; this, 
however, has yet to be invented. In the mean time, it may be 
said that two or three good lamps would be much better than 
one, and as the extra expense would be trifling, there is no 
doubt that the coal-cutter might have a much better light than is 
usual if he strenuously desired to protect his eyesight from injury. 

Duplicate Roads. — There should also be two roads — shafts 
or other passages available for every workman — so that in case 
one way is stopped by some accident, he has another road for 
escape. This is applicable to every mine, metalliferous as well 
as coal 

Shaft-sides. — The sides of the shafts must be carefully 
examined to see that the walling, timbering, or bare rock is sound, 
and all machinery in good order. Indeed, it is essential that 
every part of the mine, above ground and under ground, where 
the workmen go, and every part of the machinery, should be 
examined at least once a day. Full instructions for this and for 
the reports, consequent on the examination, are contained in the 
Mines Regulations Act, and the special rules* The reader is 
cautioned against the abstracts of the Act, published by the 
authority of the Government, and posted up at the mines, because 
these abstracts are, in some important respects, misleading, and 
not in accordance with the Act itself ; and it is the Act, and not 
the abstract, that the courts of law enforce. 

DisoipUne. — It is essential to the safety of a mine that there 
should be efficient discipline. It is useless for the manager to 
give orders unless they are carried out As a rule, the workmen 

* Mr. Simeon Snell, ophthalmic surgeon to the Sheffield General Infirmary, 
has published an interesting book showing that n^^tagmus is found amon^t 
miners working with candles, and is of opinion, in whi(^ he appears*^ to be 
supported by medical men on the continent, that this disease is due to the 
pcMtion in which miners have to work, and that it is not caused by the use 
of safety-lamps. Afler carefully reading this valuable book and Dr. Court’s 
able paper, the writer is of opinion that the balance of evidence shows a much 
greater prevalence of miner’s nystagmus where safety-lamps are used than 
where c^les are used. 

a I 
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obey directions which they see are necessary for their own pro- 
tection, and even rules the need for which they do not under- 
stand, if they see that the manager is in earnest 

It is more important that punishment for breach of rules 
should be certain than that it should be severe ; indeed, severity 
is seldom necessaiy. 

Since, in a large mine, it is impdssible for the manager to go 
oyer it every day, and sometimes the manager has a larger extent 
of mines under his care than he can find time to see oftener than 
once a month, the safety of the mine depends on the deputy- 
managers — or deputies, as they are called for short — who visit every 
place two or three times during the twenty-four hours. These 
officers should have a complete imderstanding of everything that 
is requisite for the safety of the mine, and a responsibility equal 
to their understanding for the preservation of the lives of the 
workmen. Where that is done accidents are rare, and great 
accidents never happen except where some important truth has 
not been fully realized; as, for instance, the fact that coal-dust 
is an explosive agent, and the chief agent in destructive colliery 
explosions. Before this had been, as it is now, definitely 
established, no one could be blamed for ignorance of a fact 
apparently so contrary to daily experience ; but now, when it is 
known, tlut knowledge wiU probably tend in the future, as it has 
already tended in the p^t six years in a very marked degree, to 
diminish the risk of colliery explosions. 

Every* coal-mine, according to the Act of 1887, is under the 
daily care and supervision of a manager, and every mine, where 
more than thirty men and boys are engaged underground, must 
be under the care of a manager holding a first-cla^ certificate. 
If from any cause the manager is absent from the mine, another 
manager roust take his place. This manager may have a second- 
class certificate, and is called in the Act the under-manager. 

At large collieries it is now the practice to have a manager 
and under-manager, one of whom is at the works eveiy ^y. 
These managers are represented in every district of the mme by 
depudea The dudes of the manager and under-manager are 
far in excess of anything that any one man can perform ; the 
result is that nearly the whole of the daily roudne work of super- 
vision is performed by the depudes. 

Each district has a deputy, and there is a separate deputy 
fer each shift, so that a mine divided into four districts and 
working three shifts would have at least twelve depudes. Every 
working place and travelling-road has to be carefully exammed 
by a deputy, and a written report made of the examination before 
the workmen enter the mine or the district of the mine. 
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There are sometimes deputies specially appointed to look after 
the haulage — that is to say, to supervise the hurriers, drivers, 
engine-men, and others engaged in the conveyance of mineral 
underground ; and other deputies are specially responsible for the 
repairs of the main air-ways and renewals of timber in the main 
roads. There is also a head or senior deputy for the whole mine, 
who has charge in the absence of the manager and deputy-manager 
from the pit, and a senior deputy in each shift In fact, the 
organization is as complete as that of a well-officered army, and in 
a large well-managed colliery all the work should go on correctly 
in the absence of the manager and under-manager. All the 
machinery and engine-men are under the charge of a mechanical 
en^neer, called an engine-wright ; he has also deputies or 
assistants to take his place in his absence. Blacksmiths and 
carpenters are at the works, and generally a bricklayer. The 
horses and ponies are under the charge of a horse-keeper and his 
assistants, and the stores are under the charge of a store-keeper 
and his assistants. 

The safe and economical working of a colliery depends on 
having a capable and responsible official, always ready and 
always present in every district, to prevent or remedy an 
accident 

Saf6ty-ma8k& — In entering a mine containing noxious gas, 
say one where there has been an explosion of coal-dust, it is 
often in the highest degree desirable to be able to walk through 
the noxious gas as a diver walks through water. Suppose, for 
instance, as happened in a recent case, that a disastrous explosion 
occurred, killing a large proportion of the men in the pit, and 
breaking down some of the stoppings and overcasts by which 
the ventilation was gxiided. Then the part of the mine beyond 
the broken stopping and overcast would be unventilated, and the 
after-damp, which is so poisonous, would perhaps remain in the 
place where it was formed ; and districts of the mine that had 
escaped the explosion might retain an atmosphere that could be 
breathed, and the men who were working there might remain safely 
until a roadway was made for their release. If, now, the ventila- 
tion were restored whilst the men were in the mine, the after-damp 
would be blown upon them, and might poison them brfore Aey 
could be reached by the rescue-party. Also the explosion might 
have set fire to some timber or cod, which fire would be pa^y 
extinguished by the after-damp ; but if fresh air were mtroduce<^ 
the fire might olaze up. 

If it were possible to walk through the roads fall of after- 
damp, and expfare the mine before restoring the ventiktioi^ the^ 
dangers might be to some extent obviated. With this object in 
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view, many inventors have contrived apparatus to enable a man 
to walk through foul air. It is evident that, if a diver can walk 
along the bottom of the sea, he might, in the same costume, 
walk through a poisonous atmosphere. But the costume of a 
diver is unsuited for crawling about a mine, and the long pipe 
that the diver has attached to him, and by which he is supplied 
with air, is also unsuitable for drag^ng through roadways of a 
mine immediately after an explosion. 

Perhaps, amongst the numerous inventions, the most convenient 
is that known as the Fleuss apparatus (see Fig. 595). This 
consists of a mask for the mouth and 
nose, with indiarubber pads tightly pressed 
against the face, so that the wearer of this 
mask cannot breathe in any air except 
through the opening provided. Behind 
him, on his shoulders, he carries a small 
pack, which contains a small cylinder of 
compressed oxygen, and a box containing 
tow and caustic stick-soda. There are 
two small pipes connecting the mask with 
this pack ; one of these pipes conve)rs the 
air that he exhales, or breathes out, into 
the pack. There is a valve in this pipe 
which only opens one way, so that the 
wearer can only exhale through it, and not 
inhale, or suck in, air through the pipe ; so that he cannot breathe 
over and over again the air that he has exhaled until it has been 
into the pack. The other pipe conveys revivified air from the 
pack to the mask. This pipe also has a valve opening only one 
way, so that air can be sucked fi'om the pack along it, and not 
blown back. 

The exhaled air is purified by passing by the caustic soda, which 
absorbs the carbonic acid gas, and it is revivified by an admixture 
of oxygen from the cylinder. A small tap in the cylinder permits 
a reg^ted supply to escape to mix with the air. Thus the same 
nitrogen is continually passing in and out of the lungs of the man, 
but a fircsh supply of oxygen is taken out of the cylinder. (The 
oxygen is stored in the cylinder at a pressure of 40 atmospheres.) 
Tim time that the man can wear this mask depends on the supply 
of oxygen and the rate at which he uses it. It is generally made 
so diat the supply of oxygen may last for more man one hour. 
This apparatus has been practically tested several occasions, 
and Im been sucoei^fuL It is, however, difficult to induce a man 
to put on such a contrivance to which he is unaccustomed, when he 
has to crawl and scramble with difficulty over heaps of fallen stone 



Fic- 595- — Fleuss patent 
noxious gas apparatus. 
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In order that the mines may have light, it is necessary that he 
should have a lamp also that will bum in gas, whether carbonic 
acid or fire-damp. 

A lamp was made by Mr. Fleuss, giving a brilliant light, and 
supplied by oxygen from a cylinder. It is entirely independent 
of the atmosphere of the mine, the products of combustion 
bubbling out through water. • Whilst this lamp gives a fine light, 
it requires a large supply of oxygen, and it is probable that a 
portable electric lamp — a species of safety-lamp not invented 
when the Fleuss apparatus was first brought out — would be 
better. 

It is seldom that the use of this apparatus is heard of, because 
every colliery manager believes that there will never be an 
explosion at colliery, and deems it unnecessary to go to the 
expense of providing an apparatus for such a remote contingency. 
It is probable that the only way in which the readiness of such 
an apparatus can be ensured, would be by a law enabling the 
County Council to provide the apparatus at suitable stations all 
over the mining districts of the country, with miners trained to its 
use, and practised from time to time. In this way there would be 
sufficient and efficient men, and sufficient and efficient apparatus, 
always ready for use — like lifeboats and their crews — in any 
emergency, if the circumstances rendered it applicable. 

A^r an Explosion. — It may be useful to give a few sug- 
gestions as to the method usually pursued in exploring a colliery 
after a disastrous explosion. Fortunately, with the improvement 
of safety-lamps, with the understanding of the dangers of coal- 
dust, and with the introduction of improved explosives and 
general enlightenment of the mining community, there has been 
of late years a great reduction in the number of disastrous 
explosions , especially is it so in comparison with the increased 
tonnage of coal, and therefore many colliery managers of great 
practical experience have had few or no opportunities of assisting 
in the exploration of a mine immediately after an explosion. 

The writer has had some little experience, having assisted in 
the exploration of five important collieries after a disastrous 
explosion, and therefore makes the following suggestions, which 
are founded, not simply on his own experience, but on the 
practice of others with a much larger experience. 

Assuming that the colliery manager is on the surface when the 
explosion takes place, his first practical step is to get the winding- 
machinery into working order, and to clear one of the shafts, so 
that he and others may be able to descend and ascend. 

If the mine is ventilated with a furnace, it is usual to extinguish 
this at the first opportunity. 
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An immediate search is made about the pit-bottom for survivors 
of the explosion, and, if there are any, to make inquiries from' 
them as to the nature of the accident. 

The explorers will proceed with safety-lamps cautiously, on 
account of the dangers of after-damp, which is very deadly, and 
therefore they must not proceed in a body further than the 
ventilation may extend ; but the advance must be cautious, one 
or two men leading, and others following up by twos some yards 
behind, to render assistance if necessapr, in case those leading 
should be unexpectedly overcome by poisonous gas. 

The return air-roads must be immediately examined for smoke 
or any other signs of fire that may exist in the mine, as well as 
for fire-damp and after-damp. 

If the stoppings and overcasts are blown down, it will be 
necessary to repair these temporarily with timber and cloth, in 
order to clear away the after-damp, so as to permit of an explora- 
tion of the mine. The danger to be apprehended is that there 
may be a fire in some part of the mine, and that the restoration 
of the ventilation may drive some accumulated fire-damp over this 
fire, and thus cause another explosion — a catastrophe which has 
happened more than once. To avoid this, the ventilation must 
be restored gradually, the explorers going forward as quickly as 
possible to see if any fire exists in the mine, and, if the after-damp 
permits them, in advance of the ventilation. 

The amount of risk that may be taken in the exploration of 
the mine depends upon the probability of finding any survivors. 
If there is such a probability, a considerable risk is sometimes 
rightly incurred ; if there is not such a probability, it is not ri^ht 
to incur much risk. No men should be allowed in the mme 
except those absolutely necessary for the exploration until the 
mine has been traversed throughout, and it has been established 
that no fire exists. When that has been done, there is no 
reason why as many workmen as can be usefully employed should 
not be permitted to enter the mine. There must, however, be 
a constant look-out maintained in the return air-roads for all 
signs of fire, as well as for foul air. 

When the stoppings, doors, and overcasts of a mine have 
been blown down, the ventilating currents are very uncertain, 
and are subject to reversals, and after-damp may in this way be 
suddenly blown upon an exploring party with fatal results. It 
is, therefore, as a general rul^ advisable to restore the ventilation 
as quickly as possible. If there are no faUs of roof blocking the 
roa^ this can be done very quickly by means of brattice cloth 
and timber. It usually happens, however, that there are falls 
of roof which block the road and impede tbe work* If there 



MISCELLANEOUS PRECAUTIONS FOR SAFETV, ETC 487 

is no way round these falls, a road sufficiently large for men to 
pass through has to be made over the fallen stones. 

For the purpose of exploration in foul air, the Fleuss appa- 
ratus, previously mentioned, has been found useful in some cases. 

Temporary Ventilator. — In case the mine has been pre- 
viously ventilated by a furnace, or in case the mechanical ventilator 
has been too much injured ibr use, steam is sometimes tised to 
produce a current by taking it down the upcast shaft in a pipe, 
turning it upwards so as to form a jet The mistake usu^y 
made with these steam-pipes is in not taking them sufficiently 
far down the shaft The result is that only a very short column 
of hot air exists at the top of the shaft, and the ventilation pro- 
duced by this short column is very uncertain, and liable to 
reversal, which is a source of great danger. If the steam-pipe 
were let down the shaft for a hundred yards or more, there would 
then be a long column of hot air, and there would be no danger 
of the ventilation being reversed by a change of wind or other 
cause. 

Dams. — In the chapter on ‘‘Sinking,” the tubbing of the 
shafts is described as a means of keeping the shaft dry in passing 
through watery strata. It sometimes happens that a horizontal 
shaft or gallery passes through watery strata, and that it is necessary 
to make it dry in a similar manner. This is sometimes done by 
lining the tunnel with brickwork set in cement in the form of a 
barrel arch, and sometimes with cast-iron tubbing in a similar 
manner to that adopted in vertical shafts, which will be readily 
understood without further descriptiorL 

In other cases the workings of a mine proceed into some 
district where a good deal of water is met with, say by infiltration 
firom some river or lake, or bed of rock communicating with the 
outcrop. In some cases where the mine is under the sea, the 
vein or seam of coal has been pursued incaut iously until it nearly 
approached the bottom of the sea, which has caused an enormous 
influx of water. In many of these cases it is necessary to put a 
dam into the gallery or heading leading into the district where 
the water is met with. In case the district is reached by one or 
two narrow headings, it is not very difficult or very expensive to 
put in these dams. One method of doing this is shown in Fig. 
596, which gives a plan and section of a heading with a dam of 
brickwork. In this country bricks and cement can generally 
be obtained in a few hours, and they therefore form the most 
convenient mode of making a dam. 

A nick, the width of the intended wall or dam, is cut into the 
sides of the heading for a distance of from 1 foot 6 inches to 3 feet, 
according to the nature of the ground ; if in coal, say 3 fctt 
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The mdi is also cut up bto the roof and down into tiie floor, 
to a height and depth of from i8 inches to $ fc^t, accordingto the 
hardness and firmness of the strata. A is then built across 
the heading, filling up the nicks. If the pressure is not great, 
the wall may be straight ; but if there is a high pressure, the 
wall must be built in the form of an arch, as shown in the 
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Fic. 596.— Brick dam. 

plan, so that it cannot be broken except by the crushing of 
the tfficks ; the convex side of the dam being, of course, 
turned to meet the pressure. Since, of course, the strength of 
the wall can be no more than that of its component parts, it is 
necessary that the hanlest bricks should be used. The wider the 
arch, the more important it is to have bard bricks. The cement 
must also be of the best quality, and, to resist a high pressure, 
should be used without admixture of sand. The bri^s must be 
laid in separate rings, as in building a bridge, and between each 
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ring a space must be left filled in with pure cement Where the 
wall fits against the coal or stone, pure cement must be poured 
in to fill up any interstices, and to run into the cradcs, if any, in 
the strata. Each ring of brickwork must be built up to the top 
as tightly as possible, and plastered with cement at its junction 
with the natural strata, so as to leave no opening for the water 
to pass through. In a wall made of eight or nine rings of bricks, 
these separate plasterings should be sufficient to prevent the water 
permeating over the top. In order to prevent the roof firom 
breaking down, or the floor from heaving up on either side of the 
dam, a brick arch may be put in for a length of 4 feet on each 
side, backed with concrete. This arch may be put in after the 
dam has been built. 

As it is necessary for workmen to work at the back of the dam 
during its construction, a man-hole has to be provided. This is 
generally done by building in a cast-iron pipe, say 18-inch by 
14-inch bore, on to the front flange of which a cover is bolted. 

There is also another pipe below the man-hole to take the 
feeder of water. This lower pipe will, therefore, vary from say 
6 inches up to 12 inches in diameter. This pipe will be closed 
by a cover bolted on. A pressure-gauge may be fitted on to this 
cover, so as to indicate the pressure that comes against the dam. 

In some cases the dams are made of wood in the following 
m^ner. Wooden blocks are cut to the length of the intended 
thickness of the dam, say 3 or 5 feet They are rectangular in 
section, and tapered, so as to be narrower in front than at the back, 
and when laid side by side form an arch. The ground is cut out 
as shown in the figure for a brick dam. The bottom is carefully 
levelled, and the wooden blocks laid in the form of an arch. 
Where they join the natural strata, wedging is put in to make a 
water-tight joint The wall is then built up, layer upon layer, and 
upon the top of the last layer wedging is driven in to make a 
water-tight joint A man-hole is left, and closed at last by draw- 
ing into the hole a tapered key-piece, and a water-pipe is built in 
as in the case of a brick dam. The joints of the pieces of wood 
may be caulked at the back and front The wood should be put 
in quite dry ; it will then swell when it becomes wet, and make a 
water-tight joint Nothing can be better than a wooden dam if 
carefully made. 

To calculate the pressure of water tending to crush such a 
dam as is shown in Fig. 596, the following rule may be adopted : 
Multiply the radius ef the outer Comdex ring of bricks in feet by the 
pressure of water per square foot ; the product is the total pressure 
on each abutment for each foot in height of danu 

To find the pressure on each square foot of abutment, divide 
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the total pressure, as given by the above rule, by the thickness of 
the dam in feet 

Example . — ^Thus in Fig. 596, the radius of the outer ring of 
bricks is 10 feet 6 inches ; Uie depth of water pressing on the dam 
is 63 yards ; this equals a pressure of 80 lbs. per square inch, or 
11,530 lbs. per square foot Then, applying the rule, 11,520 x 
io'5 = pressure in pounds on each abutment for each foot in height 
of dam. The dam is 4 feet thick, therefore the pressure on each 

square foot of the abutment of the dam equals ^ = 

30,340 lbs. ; or, in other words, the pressure of the water is 13^ 
tons per square foot of abutment 
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CHAPTER XXIV. 

MINERS* TOOLS : SHARPENING, TEMPERING, ETC. 

The tools used by miners consist for the most part of the pick, 
crowbar, shovel, riddle, wedge and hammer, drill, rammers, and 
scrapers. The pick is commonly made of cast steel, and some- 
times of shear steel When made of shear steel, the body of the 
pick is made of iron, and the steel welded on ; when made of 
cast steel, the whole is cast in one piece. 

The shovel is generally made of cast steel, but iron with a 
steel edge is sometimes used. 

The drill is commonly made of cast steel, all in one piece, 
and sometimes the end only is shear steel forged on to an 
iron bar. 

The wedges are generally made of iron, sometimes of steel. 

The hammers are often made of cast steel 

A pick-point is generally sharpened by a blacksmith, but miners 
are frequently able to sharpen their own tools. To sharpen a 
pick, it has to be heated sufficiently for forging ; it is then put on 
the anvil, and a fine point given to it by careful hammering. This 
heating and slow cooling whilst it is hammered softens the steel, 
and to fit it for use it must be hardened agaia For this it has 
to be raised to a cherry red or glowing r^, and then suddenly 
dipped into cold water and moved about in the water so as to 
ensure sufficient cooling for a period of from 3 to s seconds. The 
effect of this sudden cooling from a cherry red is to harden the 
pick, but to make it too brittle. The end of the pick is now rubbed 
on a stone, on which is some dean fine sand; this deans the 
pick. The effect of dipping the pick in the water forth is short 
time, whilst it is sufficient to harden the steel, does not cool it 
all through, and the heat remaining in the body of the pick 
rc-hcats the point By watching the surface of the steel a change 
of colour will be perceived ; a light straw colour will appear, and 
shordy after, a deep blue. The pick must now be dipped agdn 
in cold water, where it may remain until cold. Sometimes the pick 
is dipped at the straw colour, which is a higher temperature than 
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the blue ; the higher the temperature at which it is dipped the 
harder the point If the heat in the body of the pich is not 
sufficient to raise the point to this light straw colour or dark blue, 
it must be reheated in the fire a very little, and then, as it cools 
down to first the straw colour, and then the dark blue, it must 
be dipped at the instant the colour appears. The sharpening of 
the pick has thus three processes : first, the forging of the point ; 
second, the rehardening of the steel ; third, the tempering of the 
steel. The process of tempering is necessary, as the steel would 
otherwise be too brittle. 

Drills are sharpened, first, by forging to the right shape and 
to give an edge; this edge, however, cannot be hammered 
sufficiently sharp, so that a file must be used to give the required 
edge ; sometimes a grindstone is used. The point is then heated 
to a glowing red and dipped in cold water for a few seconds to 
harden the steel ; the edge is then rubbed on sand to clean it The 
smith examines for the colour, and dips at a pde straw colour to 
make it hard, or at a dark blue, which makes it a little tougher. 
If, after the first cooling, there is not sufficient heat in the drill 
for these colours to show on the edge, it must be reheated in the 
fire. When the drill is dipped for tempering, it may remain in 
the water till cold. The exact colour at which steel has to be 
dipped varies with the quality of the steel, and also, no doubt, 
with the nature of the work, but a little practice will soon show. 

In twisted drills for cutting coal or stone, the cutting>edge has 
to receive an angle suited to the kind of material in which it is to 
bore. Thus, supposii^ the steel were cut across at right angles 
to the length of the drill, it would have no cutting edge, and would 
not screw into the mineral ; if, on the other hand, the steel is cut 
to the edge of a chisel in the direction of the length of the drill, 
the drill could not be turned round, and the edge would be liable 
to be broken. Therefore the comer or cutting edge of the steel 
must be at an angle say of 45° with the direction of the length 
of the drill ; but this angle has to be altered as experience shows 
for each mineraL Thus in a hard coal the edge of the cutter might 
make an angle of 50'’ with the direction of the length of the 
diUl, whereas in a softer coal an angle of 40^ mi^ht be 
suitable. This edge is partly forged and partly filed ; it is then 
hardened and tempered in the same way as if it were a pick. 

Minm* picks were formerly each one provided with a wooden 
shaft, which was fixed in the pick by a wedge It is now a 
common plan to cover the end of the shaft with steel, over which 
the ^e of the blade can be dropped from the handle-end down- 
wards. The steel-covered pick-handle being slightly tapered and 
huqgest at the bottmn, the pick Idade is jammed on. In some 
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cases the pick-blade is put through a steel slot fixed on to the end 
of the shaft and fastened by a wedge. The advance of having 
the blade separate from ^e shaft is that the miner can carry 
half a dozen picks in his pocket, whereas if shafts have to be 
carried as well, several piclu are very cumbersome. 

Formerly it was customary in many collieries, as well as in 
other mines, to have a small blacksmith’s shop in the pit for 
sharpening tools. Modem practice, however, is against jdl fires 
in coal-mines, and the sharpening-shops are generally at the 
surface. In cases where miners sharpen their own picks, heating- 
furnaces are provided with a number of small openings through a 
brick wall ; the miner can just put the point of his pick through 
the opening into the furnace. In this way facility is given for a 
numl^r of miners to sharpen their picks at the same time. 

Pick-shafts may be made from ash; American hickory is 
much liked, split into suitable sizes. They are often shaped by 
machinery, on lathes of suitable construction. 
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Buies fbr calciUating the Sise of Steam-engines, with 
ZSxamples. — The following rules and examples are not intended to 
guide the engineer in fixing the exact size of an engine required for 
the specified work, but merely to give rough approximations. Almost 
any rule that can be devised will be incorrect in some cases. ITie 
examples given are not in any way intended as recommendations, but 
merely to show the student how to work out a calculation, and, when 
he has had some practice in this, he will be able to apply his know- 
ledge to the more careful and accurate working out of the dimensions 
of any machinery which he may have to design. 

Winding ihigines .— Cylinders coupled , — The load of the 
tubs and coal, cage, chains and rope, on the drum in tons x lo = 
breaking-strain of the rope. 

Circumference in inches of the rope (best plough steel) (p. 419) — 
= breaking-strain in tons 

Make diameter of drum in feet = 07C* 

C = circumference of rope in inches. 

{Memo , — This rule is not founded on any scientific theory, but 
merely represents good practice. If plough-steel ropes are used, the 
diameter of drum, as calculated by this rule, is less than general 
practice.) 

Size of Engine — 

a = area of one cylinder (of the two) in square inches. 
d = diam. „ „ „ in inches. 

s = stroke in inches. 

Area of a circle = 

Make s = 2 d. 

Piston-travel in inches for one revolution =:2 j = 2X2//=4^ 

The unbalanced load of coals) 

(andrope if unbalanced) on the > X circumference of drum in feet 
drum in pounds ) 

= foot-pounds per res olution of drum. 

Add J or multiply by i J to cover friction of machinery. 

Then 07854^/* x steam pressure x ^ = foot-pounds per revolution 

, , , . .. , 07854/^* X steam pressure x 4 

of engine for each cyhndcr = 

Make foot-pounds per revolution of engine for each cylinder equal 
foot-pounds per revolution of drum x Then by substitution— 
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Foot-poands per revolution of dram x x 12 _ ^ 

078^4 X steam pressure x 4 

The stroke = 2d 

Make the engine on the other side of the drum the same size. 

This rule makes the engine powerful enough to lift double the 
actual load with twice the actual friction. The margin of power is 
required for acceleration in ordinary working, and to permit of dirt- 
tubs or other heavy weights being raised at a slower s^ed. 

Example , — Depth of shaft, 500 yards. Average effective steam 
pressure on piston 45 lbs. per square inch. 

Load on the Rope — 

4 tubs ® 5 cwt - I ton 

4 loads ot coal ® 10 cwt. =2 „ 

Cage and chains, say = i| „ 

Rope 4 inches circum., say =2 „ 


tons 

Size of rope of best plough steel Factor of safety = 10. 

6*5 tons X 10 = 65 tons breaking-strain 

By the rule given on p. 419, a rope of best plough steel has a 
brealdng-strain = 4C*. 

6s tons = 4C* 


^ = C, or (say) ^16 = 4 inches = circum. rope. 


Weight of rope by rule, p. 419 : C* = pounds per fathom ; C* = 16 ; 
$00 yards = 250 fathoms ; 16 x 250 ~ 4000 lbs., or say 2 tons. 


Diameter of drum = ayC* = 07 x 4* = 07 x 16 = i V2 feet 


Working diameter of drum = 11*2 feet 4* diameter of rope = 11*31 
feet. 

The tubs and cage ascending balance those descending. 

The unbalanced load on the drum = 

4 loads of coal 0 10 cwt = 2 tons 
500 yards 4-inch rope - 2 tons 


4 tons = 8960 lbs. 

fbi. CSicaak of dmm. 

8960x1 rji X ri4 = 318169*6 foot-pounds per revolution of drum 
Acid i = 79S42'4 to cover friction of machinery 

397712*0 5= foot-pounds per revolution of engine 

Thm “»■ » * . 3 ,„., 


13 

3977«a X 13 
07854 X 45 x 4 


» « 33759 
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5/33759 « 32*32, or, allowing for sectional area of piston-rod, say 
30 square inches, d * (say) 33 inches 
Stroke = 33 inches x 2 = 66 inches = 5 feet 6 inches 

Pair of engines, each 33-inch cylinder, 5 feet 6 inches stroke, 11*2- 
feet drum. 

The diameter of drum, as calculated by the rule above given, is less 
than general practice, according to which the drum would be about 
18 feet in diameter. Adopting this larger drum, the calculation would 
be as follows ; — 

lbs. Circum. of dnim. 

8960 X 18 X 3*14 = 506419*2 foot-pounds per revolution of drum 
Add i = 1 26^4*8 to cover friction of machinery 


633024*0 = foot-pounds per revolution of engine 
Then l^s. x 4 _ ^^^^24 foot-pounds per revolution 


_633024 X 72 

07854 X 45 X 4 


= = 53733 


5/53733 = 3773) say 38 inch cylinder 


Stroke = 2^ = 38 inches x 2 == 76 inches = 6 feet 4 inches 

Make the engine on other side of drum same size. 

^ . 500 yards x 3 feet , 

Revolutions of engine per journey ^ = 26*5. 


Pair of engines, each 38 inches diameter, 6 feet 4 inches stroke, 18- 
feet drum. 


Coupled Winding Engincs.-^-x vz-feet drunty rope balanced 
Ft.-lbs. per rev. of engine for each cylinder, unbalanced rope = 3977*2 


„ „ for both cylinders 

Deduct foot-pounds of rope 443o x 11*31 x 3*14 

Foot-pounds for the two cylinders of balanced engine 

^ . , 636340 

Foot-pounds for one cylmder = — — 


795424 

159084 

636340 

318170 


Then by rule--- 


3i8i7^x I2_ 

07854 X 45 X 4 


« 27007 


V27007 = 30*03^ say (allowing for piston-rod) 
3 1 -inch cylinders 
31 X 3 e 62 inches » 5 tttt 2 inenes stroke 

Pair of cylinders 31 inches diameter, 5 ^ inches stroke 


a E 
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C^upUd Winding^ — iZ-fiei drum^ npi balanced, 

F t-lbs, per rev. for eacb cyl.unbalanced rope = 633024 

2 


,, ,1 „ forbothcyls.=: 1266048 

Deduct ft.*Ibs. of rope 4480 x 18 x 3*14 = 253209 


1012839 = ft-lbs.for 2 cy Is. 
_ 506419= ft.dbs. for I cyl. 


Then by rule- 


Jo 64 I 9 AJL^ = 42986 
07854 X 4$ X4 ^ 

4/42986 = 35 ‘ c 3 


Stroke = 35 x 2 = 70 inches = 5 feet 10 inches. 

Two cylinders 35 inches diameter, 5 feet 10 inches stroke. 

Main and Tail Hope Hanling Engina — To design an engine 
to haul a given tonnage per hour up a plane of given length and 
CTadient at a given spe^ with a given steam pressure at engine. If 
the weight of each tub and its capacity are not given, the student 
must assume these himself. 

If the gradient varies, the steepest gradient must be taken. 

^ Len^ <^plffe in feet ^ ^ 

speed of set per mm. ^ 

B. Time to travel one way x 2 = time to travel in and out 

C. Time in and out + an allowance for changing at each end 
s total time per journey. 

= number of journeys per hour = D 

total tune per journey (Q ^ ^ 

Tonnage required per hour _ ; ^ 

No.^.ir^ l>erW ' Per journey = E 

Tonnage ^joumeyJE) x ^ ^ ^ P 

capacity of one tub in cwts. 

1. Gravity due to set 

weight of tubs and coal 

~ denominator of fraction representing gradient 

2. Friction of set 

^ weight of tubs and coal 

denominator of fraction repre^tine friction (say j 

3 . Fricti«. d».mto..T3SrL.I«. (A) 

In calculating the gravity and frktbm due to the rope, assume as 
nearly as possible the size of the rope, which has a breaking-strain of 
not iesB tmui 6 times the load. 

By nde on p. 4ip, C* » lbs. weij^t per fathom ; 

^ -» assumed weight of rope In lbs* 



> 419. ' 

Then ^ ^ ptane m feet x 
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Actual Size of Rope required.-^ 

Total .lo^.pn dnim inJte. ^ ^ breaking-strain of 

^^40 the rope in tons 

' If it is decided to have a crucible steel rope, by rule on p. 419, 
3C* = breaking-strain of rope in Ions. 

... ^b 7 e-aing.sy_ain_jnjons ^ circumference of rope required 

Size of Engine required , — ^Assume the diameter of the drum. 
a = area of cylinder in sc^uare inches. 
d = diameter of cylinder m inches. 
s = stroke in inches. 

Make s = zd. 

Piston -travel in inches for one revolution = 2J- = 2 x 2^ = 4^. 

^ = piston-travel per revolution in feet 

The load on the 1 ^ circumference of the ) | foot-pounds per revo- 

drum in pounds / ^ \ drum in feet / I lution of drum 


To this add 50 per cent. {i,e. multiply by i^) for contingencies, such 
as extra friction on curves and rollers, extra weight such as dirt, 
friction of engine and drums, fall in steam pressure, etc. 

Single Direct-acting Engine , — 

„ , . e ^ speed of rope per minute feet 

Revolutions of drum per minute = ^ r j • r z 

^ circumference of drum in feet 

Foot-pounds in engine per revolution = 07854^^* x steam pressure 
X = foot-pounds per revolution of drum + 50 per cent. 

- 07^544^ X steam pressure x 4 
” 12 

foot-pounds per re vol ution of drum x i j x 12 _ ^3 /j^ 1 \ 

• • 07854 X steam pressure x 4 - k J 

= diameter of cylinder in inches. The stroke = 2d, 
Coupled Direct-acting Engine . — 

Foot-pounds per revolution o f drum x x 12 _ ^3 
07854 X steam pressure x 4 x 2 
Single-geared Engine,— 

Foot-pounds per revolution of drum x x 12 _ ^3 
07854 X steam pressure x 4 x gearing 

Coupled-geared Engine,— 

Foot-pounds per r evolution of drum x x 12 
07854 X steam pressure x 2 x 4 x gearing 

Examples.— Main and Tail Rope Hauling Engine.— 
per hour, 60. Length of plane, 2000 yards. Steepest gradient 
gainst load, i in 10. Weight of fuU tub, 15 ewb Weight of 
empty tub, 5 cwt. Average effective steam pressure on the piston 
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45 lbs. Average speed of set = 6 miles per hour. Time taken in 
changing at each end, say J minute. 

5 miles x 1760 yards x 3 feet „ . . j ^ . 

g^n^s = S'*® P“ 

minute = periphery speed of drum per minute 
q ^ = 11*36 minutes time to travel one way (A) 

5^0 

11*36 X 2 = 2272 minutes time to travel in and out (B) 

2272 + 0*5 = 23*22, say 24 minutes total time taken per journey (C) 

~ = 2J journeys per hour (D) 

24 

= 24 tons per journey (E) 

15 cwt. - 5 cwt. = JO cwt. capaaty of tub 

24 tons X 20 o . V • 

^ — T = 48 tubs in the set (F) 

10 cwt ' ' 

48 tubs @ 5 cwt. = 12 tons 
tonnage of coal 24 tons 


36 tons weight of tubs and coal 
2240 X 36 tons = 80640 lbs. 

Gravity of set = = 8064 


10 


Friction of set =s = 1613 
Friction of main and toil ropes = 


12 


= 1500 


Frictian of Ropes,- 


11177 Ibs^ total load on 
dnim (6) 


y"**® = 2000 fathoms of rope 


A ss ume a 3-incb drcumfereoce rope = 9 lbs. per &thom 
2000 X 9 = 18000 lbs. of rope 

« 1 500 lbs. friction of ropes 

AOual Size of Rope required,---Faciar of safety « 6 . 

G _ II 177 

— - » ' s= 5 tons 

2240 2240 ^ 

$ X 6 = 30 tons brealdog-strain 


Bjrnile on p. 41^ a crucible steel rope has a breaking-strain » 3C*. 
\/ ^ * yio * 3 -i 6> say 3l-inch rope 


.‘.Cl 
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Sisi of Single Direci^acHng Engine, — Say drum = 6 feet diameter, 
say 19 feet circumference. 

II 177 lbs. X 19 feet = 212363 foot-pounds per revolution of drum 
Add 50 per cent. = 1061 81 for contingencies 


318544 foot-pounds per revolution of engine 

By rule given ^ 

318544 foot-pounds X 12 _ 

07854 X 45 lbs. X 4 ' ^ 

4^27038 = 30"02, say 30 inches diameter of cylinder 
stroke = 30 inches x 2 = 60 inches = e feet 

~ ^ revolutions of engine or drum per minute (average), 

say 28 

Coupled Direct-acting Engines , — 

318544 foot-pounds X 12 „ 

078-54 X 45 lbs. X 4 X 2 = = '3519 

*\/735I9 = 23*82, say 24-inch cylinder 
Stroke = 24 inches x 2 = 48 inches = 4 feet 
Pair of engines 24 inches diameter, 4 feet stroke. 

Average revolutions of engine or drum per minute = 28, 


Single-geared Engine,— 2 to i. 

3i85^f(^-poiinds x 12 _ ^ _ 
o7854_x 45 lbs. X 4 X 2 “ *3519 

^13519 = 23 82, say 24-inch cylinder 
Stroke = 24 inches x 2 = 48 inches = 4 feet 
Average revolutions of drum per minute = 28 
„ „ engine ,, = 28 x 2 = 56 


Coupled-geared Engine, — 2| to i. 

318544 X 12 ^ ^ 

0*7854^^45 lbs, X 4 X 2 X 2J ' 

>^5407 = I7’55, say 18-inch cylinders 
Stroke =18 inches x 2 = 36 inches = 3 feet 
Average revolutions of drum per minute = 28 
„ „ engine „ = 28 x 2^ = 70 

N.B.— This is an unusually high speed for constant work. 


Xhidless Hope.— Refer to method of working out the total load on 
the engine in the Main and Tail system. If the gradient varies, 
take the average gradient. 


Delive r y r e quired in tons per hour x length of plane in feet _ 

speed of rope per hour in feet coal onlhe ro A 


Tonnage on t h e rope x 20 
caj^city of 1 tub m cwts. 


as number of full tubs on the rope 
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There will also be the same number of empties on the rope. The 
tubs and rope coming outbye balance the tubs and rope going inbye. 

Gravity of coal only^ on the rope 1 

Friction of full tubs and etnpties (jV) [total load on the driving-wheel 
Friction of rope (A) J 

Length of rope « 2 length of plane 

Assume the size of the rope, and work out its weight as in the 
Main and Tail system. 

Speed of rope in feet per minute x load on the engine in lbs. _ 
piston speed per minute *" 

pressure required upon the piston 
Assume the piston speed at 250 feet per minute. 

Total pressure on piston , 

= theoretical area of cylinder 

Add i for friction of machinery, etc. 

Stroke = diameter of cylinder x 2 
„ , . ^ . piston speed 

Revolutions of engine = stroke 

If we assume size of driving-wheel, then — 

Speed of rope in feet per minute , . 

c».S.5'of 

Revolutions of>ngme per minute_ 


revolutions of driving-wheel per minute 


= gearing 


If a two-cylindered engine is required, calculate in the same way 
as is given at^ve for Main and Tail. 

Examples, — Tonnage per hour = 60. Length of plane = 2000 
yards. Average effective steam pressure on piston =45 lbs. Average 
gradient against the load = 1 in 10. Weight of full tub =15 cwt. 
Weight of empty tub = 5 cwt. Average speed of rope, mile per 
hour = 2640 yards per hour. 

^ = 45*5 tons of coal on the rope = 101920 lbs. 

=: 91 fuU tubs on the rope. Also 91 empties 
10 cwt, ^ 

s: 182 tubs on the rope 

Tubs and rope gmng inbye balance tubs and rope going outbye. 
182 tubs @ 5 cwt, = 45*5 tom = 101920 lbs. 

Gravity of coal = =: 10192*0 

Frictionof tubs « = 2038*4 

Friction of rope « ®= 2000*0 

14230*4 total load on the driving«wheel (A) 
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Say a 3i-inch circumference rope, of crucible sfeel | thi$ weighf 
12 lbs. per iathom. 

2000 fathoms x 12 = 24000 lbs. 

= 2000 lbs. friction 
1 2 

Actual Size of Rope required . — Factor of safety =» 6. 

2240 

6*35 X 6 = 38’ 10 tons breaking-load 
By rule on p. 419, a crucible steel rope has a breaking-strain *s 
3C^ 

3C2 = 3S-IO 

C = s/ = 3 ' 5 ^ inches circumference 


2640 iLJ e j ^2 feet per minute speed of rope. Piston 
speed, 250 feet per minute 

^3 ^ _ y „ J4?39 j^ A) - lbs. total pressure required upon the 
piston (B) 

Single Engine . — 

^^45 ~ 166*96, theoretical area of a single cylinder 

Add 50 per cent, for contingencies, such as extra friction on curves 
and rollers, extra weight such as dirt, friction of engine and driving- 
wheels, fall in steam pressure, etc. 


250*44 - area of cylinder 

\/ = i7‘9. say i8-inch cylinder 

Stroke » 18 inches x 2 = 36 inches * 3 feet 
250 

Revolutions of engine = 41*6 

3x2 

Say driving-wheel = 6 feet diameter =r 18*8 feet circumference. 

~ ^ rcvohitions per minute of driving-wheel 

Gearing = = 5 * 94 > say 6 to i 

Coupled Engines . — 

^5^44-5 125*22 square inches area of each of the two cylinders 
12*62 inches diameter, say 13 inches 
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Stroke « 13 x 2 s a6 inches » 2*17 feet 

— — - 57*6 revolutions of engine per minute 

2’17 X 2 ^ 

Driving-whed, say, 6 feet diameter. 

Gearing =* = 8 to 1 

(As 250 feet of piston speed is not fast for an engine of first-class 
design and make, tne proportions may be altered if desired, so as to 
give smaller engines a higher gearing, or else the rope may be driven 
at a greater sp^d, if such increased speed is suitable to the conditions 
of haulage.) 


— Assume pump speed at 100 feet per 

minute. 


Gallons per minute 
pump speed in feet per minute 


s= gallons delivered per foot of stroke 
if pump is double acting 


There arc 277*25 cubic inches of water in a gallon 

Gallons per foot of stroke x 277*25 = cubic inches of water 

Cubic inches of w^ater delivered per foot stroke ^ ^ 

^ = effective area of ram 

in square inches 


Effective area of ram + area of piston-rod = area of ram 

Gallons per minute x 10 x head in feel = foot-pounds of water lifted 
per minute 

If the engine is a direct-acting beam or bull engine, add ^ for friction. 
„ „ vertical, with flywheel ,, I „ 

„ „ horizontal „ | „ 

„ ,, geared horizontal „ „ ^ „ 

Single Direct-acUng Engine , — 

Foot-pounds of water lifted pe r min ut e 4- a llowa nce for frictio n 
piston speed (too) x steam pressure 

= area of steam c)’linder in square inches 

Make stroke = diameter of cylinder x 2. For very large engines 
the stroke is rather less than douole the diameter. 

Double DirecUacting Engine^ with two double-acting rams , — 

, effective area of ram for single pump 

Effective area of each ram ® ^ 

+ area of piston-rod 

Fo ot-po u nds of water lifted per^minut^-f allowanc e for fric tion 
^ ‘ ^ ) X st^m jxresiure x 2 

s area of steam cylin^ 

Make stroke ss td* 
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Singh’geartd Engine, — ^Piston speed of engine s 250 feet. Piston 
speed of pump = 100 feet. 

Effective area of each ram , effecUve ^ of single ram 

Dumber of rams 

F t.-ll)S. of jwater lifted j^r min. + a llowance for f riction _ steam 

piston speed (350) x steam pressure x gearing cylinder 
Make stroke = 2d. 

DoubU’geared Engine.-^V\%XOTi speed of engine = 250 feet. Piston 
speed of pump = 100 (eet. 

Effective area of each ram = ej^vj^ rea of single ram 

number of rams 

Foot-pou nd s of water lifted per minute + allowance for friction 
piston s];>eed x steam pressure x gearing x 2 
= area of each steam cylinder in square inches 
Stroke of engine = 2d 


Revolutions of engine 
„ „ pump = 


250 


stroke x 2 

— revolutions of engine 
gearing 

Examples of Pumps. — Double-acting. — Quantity of water = 34200 
+ 5 per cent, allowance for slip = 36,000 gallons per hour, to be forced 
to a height (including friction of water in pipes) = 400 feet. Effective 
steam pressure upon the piston = 45 lbs. Pump speed = 100 feet per 
minute. (N.B. — This is about an average speed, but is too fast for 
some classes of engine.) 

= 600 gallons per minute 

= 0 gallons per foot of stroke 
100 

6 X 277*25 = 1663*50 cubic inches of water delivered per foot of stroke 


i66rti 

13 


= 138*62 square inches, effective area of ram 


Effective area of ram + area of piston-rod = area of ram (double- 
acting) . 

138*62 -1- 18 = 156*62 = about 14 in. diam. (stroke same as engine) 
600 galls, X 10 X 400 ft. = 2400000 ft.-lbs. of work in water per min. 

Single Horizontal Flywheel Engine.-- 

3600000 _ square inches, area of steam 
100 X 45 100 X 45 cylinder 

= 31*9 diam. stroke = 31*9 in. x 2 = 63*8 in, = 5 ft. 4 in. 

07054 

Double Horizontal Flywheel Engine^ with two double-acting rams. 

2400000 -M 200000 _ ^ steam cylinder 

too X 45 X 2 100 X 45 X 2 

A / = 22*6 inches diameter 

^ 0*7854 


\/ 
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22*6 inches m 2 « 4S*2 inches » say 3 feet 9 inches stroke 
Two cylinders each 23 inches diameter, 3 feet 9 inches stroke 

Area of rams ^ « 69*31 square inches 

69*3 1 4-9 (ar ea piston-rod) w 78*31, area of each nun 

= 10 inches diameter (two lo-inch rams, each double-acting; 

stroke same as engine) 

Single-geared 3 to i, say. Piston spe^ of engine, 250. 

Piston sp^ of pump, 100. Foot-pounds of work in water 4- allow- 
ance for friction = 2400000 -P 1600000 = 4000000. 

Area of steam cylinder = — = 1 18*5 square inches 

f II 8* c 

\/ ~ *^’3 inches diameter, say 13 inches 

13 X 2 = 26 inches stroke = 2 feet 2 inches 
Diameter of ram = (138*62 + 18 =: 156*62 area) = 14 inches 

250 

Revolutions of engine = — ^ - = 57*6 

Revolutions of ram-crank = = 19*2 

3 

Stroke of ram = 2 ~ ^ ^ ^ ^ inches 

One double-acting ram, 14 inches diameter, 2 feet 8 inches stroke. 
Double-geared Engine,--^ to i say, with two rams. 

4000000 

25o " x " 4 5~ ibs. x ~ 3 X 2 ~ 59 -5 square inches, area of each steam cylinder 

\/ = 87 inches diameter 

Stroke = 87 x 2 = 17-4 = i foot sj inches 
'’to 

Revolutions of engines = = 86 

86 ^ " 

Revolutions of ram-cranks - = 28*66 
3 

Stroke of rams = ^ = 174 » i foot 9 inches 

Area of rams = - yg-ji square inches = 10 inches diameter 

Say two cylinders, 9 inches diameter, 18 inches stroke. 

Two rams, each 10 inches diameter, and each double-acting, with 
1 foot 9 inches stroke. 

Single-acting Pump speed, 100 feet = 50 feet effective 

one way. 

2400000 foot'pounds work in water lifted per minute 
Add one-fotirth » 600000 for metion 


3000000 foot-pounds of work in engine per minute 
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3000000 

45 


v" 


1333 square inches, effective area of piston 
33 square inches, area of piston>ro4 

1366 area of steam cylinder 

1366 .... 

= 4 i 7 f say 42 inches diameter 


' 7 feet 


078^4 - 

Stroke = 42 x 2 = 84 Inches 
Bingle-aoting Fuznp«w. 

600 gallons a minute „ - , , 

so feet efOve stroke = ** gallons per foot of stroke 
12 X 277*25 = 3327 cubic inches of water per foot of stroke 

3327 

-7^ = 277*25 = square inches, effective area of ram 
Diameter of ram is i8'8, say 19 inches, and the stroke 7 feet. 


Fan Engine.-- 

Q = quantity of air in cubic feet per minute. 

WG = water-gauge in inches. 

d = diameter of engine cylinder in inches. 

Q X WG X 5*2 = foot-pounds in the air per minute. 

F oot-pou nds in th e air per minute 

revolutions of engine per minute x efficiency (say 0*5 or other fraction) 
= foot-pounds required in the engine per revolution 
Make stroke of engine = ild. 

Piston-travel in inches one revolution of engine = x 2 = 3^/ 
theno78s4rf*xsteam pressure 

= foot-pounds in engine per revolution 
• ^^^^lber of foot-pou nds as found above per revolution x 12 __ ^ 
0*7854 X 3 X steam pressure 
The stroke = i J diameter of cylinder 

Example*-- 

Q = quantity of air in cubic feet per minute = 100000 
WG = water-gauge in inches = 3. 

d = diameter of engine cylinder in inches. 
s = stroke of engine in inches, 
steam pressure, 45 lbs. 
efficiency of fan, say 50 per cent., or 0*5. 
revolutions of engine per minute to produce the required 
quantity and WG, say 60. 

Q X WG X 5*2 - 100000 X 3 X 5*2 = 1560000 foot-pounds in the air 
s 52000 foot-pounds in the engine per revolution 
Make s s i\d. 

Piston-travel in feet for one revolution of engine = 
and by rule— 
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o78S4^x , 

13 

• S 3 QO OX 13 


$3000 (M*p 0 mlM 

rf»*S8«5 


•• 07854 X 45 

t/5885 = 1805, say f8 inches cytindcr 
Stroke = 18 inches x ij = 27 inches = 2 feet 3 inches 
Single engine, 18 inches diameter, 2 feet 3 inches stroke* 


fitrexigth of Bound Hemp Bopee . — Factor of safety 10. This 
high factor is for severe regulsur work ; for occasional lo^s, a factor of 
6 IS sufficient. 

C = circumference in inches. 

B = breaking-strain in tons. 

B = 0 25 C*. 

W = 0-25 C*. 

W = weight per fathom in pounds. 
b = safe working-load in tons (factor of safety = 10). 

b = 0025C* 

C=: /-^ C= 

^ 0*2$ 'V 0025 


Example . — Circumference of rope = 4 inches = C. 

B = 0*25 X 4* = 4. Breaktng-Ioad is 4 tons. 

W = 0*25 X 4* = 4, Weight IS 4 lbs. per fathom. 
b = 0*025 X 4* = 0*4 Working-load is 0*4 ton =5 8 cwt. 

If the breaking-load is 8 tons, then C = = 5*65 ; 

the circumference of rope should be 5I inches. 

If the working-load is 2 tons, then C = \/ == ~ ^‘ 94 ; 

the circumference of the rope should be 9 Inches. 


Strangth and Weight of Chains. — 

d =: diameter of iron In sixteenths of an inch. 

W = breaking-load in tons (chains first-class quality). 
m — safe load „ „ „ 

P = weight of chain in pounds per length of 10 yards. 


W« - 

10 

For occasional loads, w ^ ^ 
00 


P^d» 


For regular and severe use (as tn cage chains), to s 


d «« v^ioW, d ss Jls/OUfj 
Examples . — t-ioch chatiL a « 16. 

10 10 


or ^loow 
25*6 tons 


dL 

100 
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^ a 4*26 tons for occasioftal load 

w = a 2*56 tons for regular and sever! use 

|<inch chain, ^ » 8. 

8* 64 , 

W = ~ - s= 6*4 tons breaking-load 

64 , 

w = = say 1 ton for occasional load 

64 

= YgQ = 0*64 ton for regular and severe use 

For an occasional load of 2 tons, d = ^5© x 2 = = 10*95, 

say 1 1 ; diameter of iron of chain = inch. 

For a regular load of 2 tons, d = Vioo x 2 = V200 = I4’*4, or 
iron of chain = U inch. 

Weight of I inch ({f) chain— 

P = = 12^ = 144 

A lo-yard length weighs 144 lbs 
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Accidents, 475 
Air compressors, 359 

crossings, 191 

, horse power in the, 2U 

, measurement of, 21 1 

pipes, 185 

, application of, 187 

roads, 245, 248 

vessels, 452 

, volume of, 207 

, weight of, 199 

“ Andra,” 161 
Anemometers, 21 1 

, testing-machine for, 212 

Anseirs indicator, 254 
Anticlinal, 36, 41 
Archibald pit-sinking, 136 
Arching, 144 

, construction of, 145 

, strength of, 145 

Arraull's free-fall cutter, 62 
Ashworth lamp, 283 
Auxiliary ventilation, 250 

Baird’s coal-cutter, 309 
Balance jig, 335 
Barclay’s engme, 440 
Barytes, 27 

Beaumont and English machine, 302 

Bell pits, 150 

Biram’s anemometer, 211 

Black-damp, 252 

Blake’s crusher, 466 

Blasting, 86, 2^ 

, arrangement of fuses, 90 

by electrici^, 89 

, compressea air, 295 

, drillmg-tools, 87 

dvnamite, 89 

— fiameless exploiivesy 296 
fuses, 88 

^ high and low tension, 90, 91 


I 

i 

I 

I 

i 

I 

) 


i 

I 


Blasting, lime process, 

, method 88, 289 

Blowers of coal, 479 

of gas, 480 

Bonnet tor fan-shaft, 208 
Bord ” and “ end,” 157' 
Bore-holes, 51 

, finding dip by, 57 

Boring, 51 

, American rope, 63 

, broken rods, 70 

, choice of method, 78 

cores, 75 

, cost of, 78 


, diamond drill, 73 

, flat rope, 67 

, fracture of rods, 58 

, free-fall cutters, 59 

grapnels, 70 

, nohow rods, 69 

, lantern ™de, 63 

, lining tubes, 71 

machine, 57 

, methods of, 51 

, parachute, 71 

rods, tools, spring-pole, elc.f 

, meed of, 57 

# Swedish, 69 

, widening bmrs, 73 

Boulton and Watt engine, 436 
Bower and Blackburn’s c^-cutter, 
310 

Bowlker and Watson’s fan, 222 
Brattice, 184, 187 
Brick dams, 4S7 
Bricks, 117 
Briquettes, 465 
Bristol Coid-field, 175 
Brunton’s headin^machine, 30 
Bucket door-piece, 452 
Bucket-pump, 99 
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Buddie, 467 
Bull ei^ne, 440 

Cage catches, 435 

, docihle<decked, 421 

, single-decked, 420 

, steS, 421 

, unloading, 426 

CalioQ, wooden tabbing, 129 
Calow's aafcty-cagc, 433 
Cam-gear, 397 

Canklow pits, polsometers at, 105 

Capell (an, 223 

Carbonic oxide, 253 

Carret and Manhall's coal-cutter, 311 

Cast-iron prop, 317 

Cataract, 438 

Cements, 

Centrifugal ore-a^Muator, 464 
Chain, stren^h and weight, 508 
Cheshire, piuar-and-stall, 158 
Chocks, 1^ 

Cianny lamp, 276 
Classifier, 467 

Clansthal, hydranlic pump, 448 

, shaft, 1 18 

Clay Cross Collieries, 267 
Cleavage planes, 157, 182 
Cliflbrd lamp, 2to 
Clinometer, 45 
Clowes' lamj^ 255, 285 
Coal, 16 

, age of seams of, 12 

, bfowers of, 479 

— , breaking down, 2S9 

cutting machinery, 306 

, formation of, 7 


Compressed air, friction in bends, 370 
— — , friction in pipes, 366 

locomotives, 349 

, work done, 363 

Concentrator, 469 
Conductors, 422 

, method of fastening, 422 

, stMl rail, 423 

, wire, 423 

— , wooden, 422 
Construction of arching, 145 
Cooke's ventilator, 215 
Copper, mining, 177 

, output of, 27 

1 value of, 27 

Core grapnel, 56, 75 
Cornish engine, 437 

sinking-pump, 103 

Cost of bonng, 78 

■ of sinking, 116 

of quicks^ sinking, 135 

Counterbalancing, 397 
Cover for fan-shift, 2^ 

Craig and Bidders' lamp, 282 

Creep, 153 

Crosby indicator, 208 

Cross -measure drifts and arching, 

I *44 

, Curve arrangements, 340, 341 

I Dams, 487 
Darlington drill, 299 
Davis and Stokes' commutator, 373 

. Davy lamp, 275 

, tin-can, 279 

Denaby winding-engine, 390 

I Denudation, ii 


screening, 456 

— — spontaneous combustion of, 166 

washing, 460 

Coal-dust, 255 

, dangers of, 269 

, remedies for, 270 

Cdal*6eld, DerMiire, iS 
Coal-washers,^ 

— , feliitpar, 461 

— , Robtmon’s 462 

Cockeimegs, 316 
Coefficient of frictioo, 239 
Coffering, IJ6 

Coke, 458 

ovcof, 459 

Cokirado^ melaMmhg in, i8j 
C oauBtttttar. 272 
Comfomytaop, 441 
CottpnKuailr, 359 


IJcrbyshirc Coal-beld, 19 
Diamond drill, 73 

boring-crown, 73 

Dickinson's anemometer, 213 
Dip, measurement of, 46 

, method of Ending greateit, 47 

Discipline, 4S1 
Dog and ch^, 318, 

Doors, 189 

Doubloheat pump-valve, 443 
Draioige of gas by head^, 165 
Drawbars, 3U 
Drills, electrk, 305 

, hand machines, 993, 295 

, Harris's Navigation, 114 

, ftigerioll, 115 

, machine, 1 13 

— .pw»,299 
Dfopipiti, 409 
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Dru’s free-fall cutter, 60 

Dramtt winding, diameter, 496, ^97 

, hauling, diameter, 501 

Dumb drift, 198 
faults, 31 

Earth, composition of the, 3 
— , curvature of the, 2 

, heat of the, 4 

, shape of the, 1 

, temperature of the, 194 

, weight of the, 4 

Economy of fans, 227 
Electric arc light, 286 

cables, 354, 372 

coal-cutters, 310, 313 

Immisch dynamo, 371 

locomotives, 350 

motors, 3J4 

pump, 448 

safety-commutator, 373 

safety-lamps, 286 

transmission, 372, 375 

— — efficiency of, 378 

units, 377 

Elemore Colliery, 266 
Elliot’s wedge, 291 
Embleton, stone coffering, 127 
Endless chain, 340 

j driving-wheels, 341 

steep, 343 

Endless rope, 344 

attachments, 344 

clips, 345, 346 

clip-pulleys, 346 

tightening-wheel, 348 

Engines, air-compressing, 359 

, endless rope, 380 

— , fuel consumption, 452 

, gas and oil, 381 

, pumping, 435 

, rules for calculating size, 495 

, sinking, 96 

, winding, 386 

Equilibrium valves, 393 
Eudiometry, 253 
Evon-Evans lamp, 282 
Evan-Thomas lamp, 279 
Expansion valves, 396 
Exploration, geological, 2( 
Explosion, after an, 485 

, Clay Cross, 267 

, Elemore, 267 

, Pen-y-Graig, 267 

, West Riding, 263 


Explosion, West Stanley, 265 
— , Whitehaven, 265 
Explosives, 113 

Fabian’s free-fall cutters, 60 
Faced tubbing, 125 
Fans, 217 

, construction, 224 

, economy of, 227 

, pressure produced by, 224 

, tests of, 225 

Fanshaft, cover for, 208 
Fault in coal-measures, 20 
Ffestiniog slate-mines, 181 
Fire-clay, 23 
Fire-damp, 251 

, caps, 2^ 

, indicators, 254 

Firth’s coal-cutter, 307 

Flameless explosives, 296 

Flat rope, 399 

Fleuss apparatus, 484 

Foot-brake, 400 

Forest of Dean Coal-field, 83 

Formations, age of geological, 1 1 

, geologic^, 8 

, order of British, 9 

Fossils, 14 

Fowler’s landing, 425 
Free-fall cutters, 59 
Friction, cocfl&cicnt of, 239 

of air in pipes, 366 

Fuel for furnaces, 204 
Furnaces, fuel for, 204 

, pressure produced by, 201 , 203 

, ventilation by, 196 

, volume of air, 207 

Fuses, 88 

Galloway guides, 98 

, on gas^etecting, 284 

, pneumatic tank, 427 

Canister, 23 
Gas, blowers of, 480 
Gases, 251 

, mixing of, 253 

Geological exploration, 29 

Gillot and Copley’s coal-cutter, 308 

Gob fires, 166 

Gold vein, 20, 178 

Grafton Tones wedge, 292 

Griffith, brick and cement coffering, 1 27 

Guibal fan, 218 

Guides, 422 

Gunpowder, 289, 290 

2 L 
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Gwytme 6m, 222 
Gypsum, 24 

Harrison coal-cutter, 310 
Harris's Navigation, winding-engine, 

390 

Hasard safety>cage, 432 
Haulage, underground, 329 

— , application of, 348 
— , drawbars, 352 
— , electric motors, 354 
— , endless chain, 340 
— , endless rope, 344 
— , horse, 333 
— , horse-gin, 353 
— . jigs. 334 
— , locomotives, 349 
— , lubrication, 333 
— , points and crossings, 331 
— , pit-bottom arrangements, 
355 

— , rads, 330 
— , single rope, 338 
— , slope carriage, 353 
— , tail rope, 338 
— , waggons, 331 
— , engines, rules for site, 

498-504 

Head-gears, 413 

Headings, machme-driven, 148 

— , machinery, 299 

, timbering of, 319 

Headi and Frost’s compound, 296 
Hemp ropct strei^h a^ weight, $08 
Holing, 306 - 
Howat deBector lamp, 282 
Hurrying, methods of, 329, 333 
Hydraubc mining, 182 

pumpii^ engines, 448 

tnuttmissioo, 370 

wedging, 291 

Hydrogen gas-detector, «55 

iMMtscif dynamo, 371 
Inclined atr-roads, 248 
Indicators, 208 
tngersoU drill, 1 15 
Iran oce, 25 

— , chief sources, 36 

, dressing, 4^ 

— hMiathe, 26 

— , rise of depositi, 36 

, thickness, 36 


Jack 1011,363 


obberf^iS 
ockey and fork, 338 


Kimberley diamond 'mines, 22 
Kind-Chaudron't sinking, 138 
Kind's free-Bill cutter, 59 

widening borer, 73 

King's safetylook, 430 

Lamp-room, 286 
Landings, 424 

, double, 425 

, Fowler's hydraulic, 425 

Laufen-Frankfort transmission, 374, 
376 

Ldui ore, compe^tion of, 27 

, dressing, 466 

, occurrence, 27 

9 width of veins, 27 

Leeds fan, ao 

Lens Collieries sinking, 136 
Light given by lamps, 287 
‘ Lime, phosphate of, 24 
Lining bore-holes, 71 
Link motion, 394 
Lisbet's sinking, 137 
Lishman and Young's locomotive, 349 
Li veing's gas- detector, 254 
Llanbradach, steam-pump, 106 
Locked coil rope, 420 
Locomotives, 349 

, compressMl air, 349 

, electric, 350 

Longwall, 160 

Colliery, ventilation, 192 

, face in steps, 175 

, rocriu of, 16$ 

, number of gates, 162 

, packing, 103 

, npping, 162 

‘ ^ width of stall, 161 

, Lubrication, 333, 41 1 

f Main roads, sise of pillars, 159 
t Mammoth Vein, I’cnnsylvania, 172 
' Man-engine, 453 
Marsaut lamp, 278 
Mather and I^t's borer, 67 
Maundfili used in Belgium, 176 
, Mechanical ventilation, 207 
Medium 6ui, 323 
Metalliferous minesy 177 
Metals, occurrence of, 25 
Methods of working, 149 
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Methods of working, bell pits, 150 

, Bohemia, 170 

, Bristol Coal-field, 175 

— , Cheshire, 158 

, copper-mine, 177 

, gola-mine, 1 78 

— , hydraulic, 182 

, long wall, 160 

, metal-mines, 177 

, North Staffordshire, 159 

, open hole, 149 

, Pennsylvania, 1 72 

, pillar-and-stall, 15 1 

, post-and-bank, 151 

, salt-mine, 177 

, Silesia, 169 

, slate-mine, 180 

, South Wales, 177 

, Staffordshire, 168 

, St. Ktienne, 171 

, “stoop” and “room,” 151 

, thin seams, 173 

, tin-mine, 177 

— , vertical seams, 173 

, Warwickshire, 174 

, working back, 156 

, Yorkshire, 176 

Midland Coal-field, 19 
Minerals, occurrence of, 14, 23 

, stratified, 19 

, treatment of, 456 

, value of, 22 

, vein, 21 

Moira, spontaneous combustion, 167 
Monkwearmouth winding-engine, 386 
Morgan lamp, 280 
Moss-box, 141 

Mount Morgan Gold-mine, 22 
Mueseler lamp, 278 
Multiple wedge, Elliot’s, 291 
Mushroom valve, 443 

Natural ventilation, 194 
Newcomen engine, 435 
Nixon’s ventilator, 214 
North Staffordshire, pillar-and-jtall, 

NorS Wales Gold-mine, 178 

slate-quarrying, 180 

North wich Salt-mine, 24, 179, 180 
Nystagmus, 481 

Oil engines, 381 

slmle, 24 

— wells, 66 


Open hole, 149 

Ore, Blake’s crusher, 466 

buddle, 467 

— classifier, 467 

concentrator, 469 

, crushing-rolls, 469 

dressing, 471 

separator, 464 

stamps, 460 

, treatment, 471 

Ormerod’s hook, 429 
Overcasts, 191 
Owen’s safety-cage, 432 

Parallel motion, 387 
Pennsylvania, Mammoth Vein, 172 
Penrhyn Slate-quarry, 180 
Pen-y-Graig Colliery, 267 
Pick machine, 307 
Picler lamp, 255, 285 
Pillar-and-stall, 151 

, Cheshire, 158 

, merits of, 165 

, North Staffordshire, 159 

, shape of stalls, 157 

, size of pillars, 154 

i , South Wales, 177 

' , strength of pillars, 152 

— , width of stalls, 15 1 

, working of the pillars, 156 

Pit-bottom arrangements, 355 
Pit-frames, 413 

, height of, 414 

, lattice girder, 414 

, plate girder, 414 

, wood, 414 

I Pneumatic sinking, 132 

i water-barrel, 427 

i Poetsch’s sinking, 134 
i Points and crossings, 33 1 
Porch, pit-bottom, 144 
Power of winding-engines, 402 
Pressure, ventilating, 201, 203, 224 
Props and bars, 314 
Protector lock, 281 
Pulley, cast-iron, 412 

, size of, 412 

, wrought-iron, 412 

Pulsometer, 105 
Pumps, 435 

, air-vessels, 452 

, arrangement in shaft, 441 

, bucket, loi, 444 

, cataract, 438 

, Cornish, 103 
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Pumps, Davey, 444 

, lifUng^-screws, loa 

, puisometer, 105 

, ram, 444 

, rules for sise, 504-506 

, sinking, 99 • 

, spears, 100 

, strength, 45a 

, suspended, 104 

, underground, loS, 446 

, Talves, 443 

, water delivered, 106 

, wind-bores, loa 

, Worthington sinking, 105 

Pumping-engines, 435 

, Boday’s, 440 

, Boulton and Watt, 436 

, Bull, 440 

, Cornish, 437 

, Davey, 444 

, electric, 448 

, horiaontal flywheel, 440 

, compound, 441, 446 

, hydraulic, 448 

, Newcomen, 435 

, rope-driven, 45 1 

, rules for sire, 504-506 

, Siaveley, 444 

, useful eflcci, 451 

, Worthington, 446 

Quicksand-sinking, 129 

by piling, 129 

, cost, speed, etc., 135 

, freering, 134 

, pneumatic, 132 

— — with grabber, 130 

Rails, 330 
RammeU fiui, aai 
Ram pump, 444 
Redruth, working tin at, 178 
Regulator, 190 
Reumaua steam brake, 401 
Richards indicator, aoS 
Kigg and Meikl^hn's coal-cutter, 

Rio Ttoto drill, 299 
Ripping, 16a 
River deposits, 41 
Robinson's snetnometer, 213 

cosl*waslier, 46a 

Rocks, cha i ns, at 

, tmntastre ^oeotis, 6 
, metamorpme, 6 


Rocks, stratifled, 5 

, volcanic agency, 7 

Root's ventilator, 316 
Rope-boring, 63 
Rope-driven pumps, 451 

, rollers, 354 

sockets, 414 

ways, 355 

Ropes, 4x7 

, locked coil, 420 

, strength of, 417, 508 

Rules, cost of boring, 78 

, dams, 489 

, delivery of pumps, 106 

, sinking, 109 

, timber, 320 

, tubbing, 123 

, ventilation, 203 

, wire ropes, 419 

Safety-cage, Calow, 433 

Hasard, 432 

i , Owen's, 433 

i Safety-hooks, King's, 430 

^ Ormer^'s, 429 

’ , Walker's, 431 

, West’s, 431 

‘ Safety-lamps, 274, 480 

, light given by, 287 

, tests of, 2S8 

1 , uses of, 284 

j , weights of, 288 

Safety-masks, 483 
Safety of mine, 47 1 

' , old workings, 477 

Salt, 24, 178 
Schiele fan, 222 
: Screens, 456 

' 1 travelling belt, 45S 

and crushing rolls, 466 

Screw ventilator, 217 
Scroll drum, 399 
Self-acting iodine, 334 
Shaft, 9* 

— , bricking curb, 92 

, bricking scaflbid, 93 

— — , examination of, 481 

i ^ indicators in, 400 

, iron and wood lining, 1 18 

, lining, 91 

, methods of deepening, 137 

> piUar, 147 

— , rectangular, 108 

) , si2e and shape, 86 

I — , temporary Uning* loS 
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Shaft, walling, 92 

, water-garlands, 97 

Shape of stalls, 157 
Shielded lamps, 278 
Sicily, sulphur-mines, 22 
Sip^iais, winding, 402 
Silvan thick coal, 169 
Single-rope haulage, 338 
Sinking, 8$ 

, blasting, 86 

, bowks, 95 

, bricks, 117 

, Canklow, 105 

— capstan, 93 

, cost, 1 16 

, dealing with water, 97 

, drainage boie-hole, 107 

, engine. 95 

, explosives, 113 

, ^ides, 97 

, Kind-Chaudron, 138 

, Lisbet’s, 137 

, pit-top, 94 

, pumps, 99 

, quicksand, 129 

, rules for safety, 109 

, site of colliery, 85 

, speed, 116 

, Steam-capstan, 94 

temporary lining, 108 

, ventilation of shafts, 1 1 1 

Size of pillars and stalls, 157 
Slates, 24, 180 
— , dressing, 472 
Slide-valve, balanced, 392 
Slope carnage, 353 
Sludgers, 55 

Smythe, wooden tubbing, 1 29 
SoldenhofT, quicksand-ircezing, 135 
South Wales pillar-ind -stall, 177 
Spears, too 
Splitting, 246 

Spontaneous combustion, 166, 257 

, method of dealing with, 167 

, Moira Colliery, 167 

, wax walls, 166 

Spray jets, 271 
Spring-pole, 53 
Staffordshire thick coal, 168 
Stamps, 468 

Stanley’s heading-machine, 302 
Steam-brake, 400 
Steel props, 31$ 

Stephenson lamp, 377 
St. Etienne thka coi^ 171 


Stone, 2$ 

tubbing, 127 

** Stoop and “ room,” 151 
Stopes, 177 
Stoppings, 189 
Strength of arching, 144 

bars, 320 

coal pillars, 152 

dams, 489 

iron tubbing, 123 

props, 325 

pump pipes, 452 

ropes, 417 

Struv^ ventilator, 214 
Sulphuretted hydrogen, 253 
Suspended pump, 104 
Swedish hand-boring, 69 
Sword, 100 

Tabor indicator, 208 
Tail-rope haulage, 338 

check rails, 340 

rollers, 354 

Temperature of earth, 194 
Theory, ventilation, 228 
Thick coal, working, 168 
Thin coal, working, 173 
Thomeburry lamp, 283 
Thrupp’s formula, 367 
Timbering, 314 

, drawing, 318 

, strength, 320 

, tests of timber, 322, 325 

Tin ore, 27 

, depth of mines, 27 

, hade of veins, 27 

, thickness of veins, 27 

Tools, 491 

, sharpening, 491 

, tempering, 491 

Trafalgar Colliery electric pump, 372 
Transmission, 358 

, compressed air, 359 

, electric, 371 . 

, gas and oil engines, 381 

, hydraulic, 370 

ro^ 378 

, steam, 358 

, w ire-rope, 378 

Trench’s compound, 296 
Trepan, Kind-Chaudron, 139 

, Lippmann, 141 

Trigonomctiy, 48 
Tubbing, 118 

, brick and cement, 126 
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